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This paper analyzes the demand f o r  engineers and sc ient is ts .  The 

supply o f  engineers and the working o f  the labor market are t reated i n  

other papers (see Folk - /‘1965a, b, c, and d - 7). 
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I. I nt roduct ion 

It Is impossible to define the occupations of engineer or scientist in 

a manner satisfactory for all purposes. It is therefore impossible to obtain 

counts of engineers or scfentists that are acceptable for all uses. 

suses the respondent defines his occupation and sometimes exaggerates the 

importance of his Job, 
/1 work forces. - Titles are inexpenslve, and if it is necessary to call a 

technical speclalist "junior engineer" or "engineer" rather than "technician" 

to keep him, many employers will do SO. 

the standard title for a professional level technical specialist, and does 

not indicate that the holder has a formal qualification in engineering, 

Scientific tltles, such as llchemisttl, often attach to jobs requiring only 

routine and limited technical knowledge and ability that in many countries 
/2 would be considered technicians' jobs. - 

in cen- 

Some employers exaggerate the qualifications of their 

In the United States 'bngineer" is 

Crlterla of occupational membership such as degrees, society membership, 

and professional registration are also imperfect In defining occupations, 

Degrees and society membership probably include as engineers many people 

that are not doing technical work and exclude many that are. Professional 

registration is not important enough in most specialties for most employed 

engineers to bother with, 

/I - A partial reconciliation of the 1960 Census estimates of engineer and 
scientist employment figures with the STP surveys of the Bureau of bbor 
Statistics for 1960 and 1961 suggests that the census and the surveys are 
measuring the same populatlon. The proportion of engineers with degrees is 
much higher in employer surveys than in the Census. 

12 - 
than British or European first degrees. 

American bachelors degrees In science include much less technical training 
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While the various def in i t ions contr ibute to  the confusion surrounding 

I c 

1 

the discussion o f  the "shortage of engineers,'' 1 doubt that  nomenclature i s  

a very serious problem. I n  economic terms, def in ing a pa r t i cu la r  factor o f  

production means def in ing a set o f  perfect substitutes, but no two persons 

are perfect substi tutes since each d i f f e r s  from another i n  some way. Like 

employers, we must ignore r e l a t i v e l y  unimportant dif ferences i n  order t o  

deal w i t h  the problem o f  production a t  a l l .  A broad d e f i n i t i o n  o f  engineers 

simply includes poorer substi tutes than are included i n  narrower def in i t ions.  

The problem i n  engineering i s  more complex than in, say, dentistry, because 

l icensing by government is of only small importance i n  engineering. The 

de f i n i t i on  o f  the occupation used i n  a pa r t i cu la r  appl icat ion i n  t h i s  paper 

i s  o f ten dictated by the a v a i l a b i l i t y  o f  data. Throughout t h i s  analysis o f  

the engineering and s c i e n t i f i c  labor market I use data from diverse swrces. 

The conclusions drawn from analysis o f  one set of  data w l l l  not always apply 

to  a l l  of the labor markets corresponding t o  the various def in i t lons o f  engf- 

/ I  neem and scientists. - 

/ 1  
This s tudy i s  pr imar i ly  concerned w i t h  cnglnccrs, physical scient ists,  

and mathematfcians whom I shal l  term "EPM's'' whenever the data o r  analysis 
permits. The p r inc ip le  c r i t e r i o n  f o r  inclusion i n  the group i s  the use o f  
mathematical nethods. This group does not include l i f e  sc ien t i s t s  such as 
b io log is ts  and medical scientists, and I make no analysis of these groups. 
The l i f e  science group is important i n  universi t ies,  but it i s  not current ly  
very important i n  industry. I n  1961, fewer than 30,000 l i f e  sc ien t i s t s  were 
employed i n  industry (about 4 percent o f  the t o t a l  of sc ien t i s t s  and engineers). 
The reason f o r  excluding t h i s  group from consideration i s  that  medical research 
i s  not very s im i la r  t o  the research and production a c t l v l t i e s  that  employ 
most engineers, physical scientists, and engineers. Consideration o f  l i f e  
sc ien t i s t s  on the supply s ide of the market would require the analysis of 
supply o f  physicians and some paramedical occupations, and a l i n e  must be 
drawn somewhere. I do not believe there i s  very much subst i tu t ion between 
l i f e  sc ient is ts  and EPM's either i n  production or i n  education, It has not 
always been possible t o  separate l i f e  sc ien t i s t s  f r o m  other sc ient is ts ,  nor 
has i t  been possible t o  exclude that part  o f  R.QD. spending on medical and 
b io log ica l  research. 

- 
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The demand f o r  engineers i s  a derived demand, that  is, i t  arises because 

other goods and services are required by customers and engineers and scien- 

t i s t s  are useful f o r  production o f  these f i n a l  or  intermediate goods and 

services. - /1 The demand f o r  engineers and sc ien t i s t s  or ig inates largely 

l n  manufacturing, government, and education. The demand i n  manufacturing 

i s  both f o r  production and for research and development (R.&D.), whi le the 

demand f o r  government i s  pr imari ly f o r  R.&D. and the demand from education 

i s  f o r  R.&D. and teaching. 

and sc ien t i s t s  hes been especially closely related t o  m i l i t a r y  requirements. 

Since the Korean War, the demand f o r  engineers 

The growth o f  the miss i le  and space programs and the expectation o f  a long I 

f u tu re  f o r  the cold war had led t o  a s h i f t  o f  resources i n t o  m i l i t a r y  R.&D. 

Engineering employment has grown most rap id ly  i n  R.&D. a c t i v i t i e s  while 

employment i n  production has grown much less rapldly. During the 1950's 

the r a t i o  o f  engineers and sc ient is ts  t o  t o t a l  employment declined i n  a 

number o f  industries. The importance o f  R.&D. a c t i v i t i e s ,  however, should 

not d i v e r t  a t tent ion from the fact  that  the major i ty  o f  a l l  engineers, phy- 

s i c a l  scient ists,  and mathematicians (EPM's) are employed In  a c t i v i t i e s  

other than R.&D. 

Engineering demand i s  demand f o r  cer ta in  technical s k i l l s  rather than 

deinand f o r  cer ta in  technicai people. These s k i l l s  are usually h igh ly  

specialized and are of ten qui te unstandardized. The technical s k i l l s  are 

e i the r  taught i n  engineering schools or are more eas i l y  acquired by persons 

w i t h  engineering training. Engineers are employed because o f  what they can 

/1 
and s c i e n t i f i c  services cannot be estimated. 
simultaneous estimation of demand and production functions f o r  the goods using 
engineering and s c i e n t i f i c  services. 
t i a l  property o f  consistency would have t o  be made w i t i n  the framework of an 
" ident i f iable" economic structure. 
see a textbook of econometrics such as Johnston - r 1 9 6 2  - 7. 

It Os for t h i s  reason that  empirical demand functions f o r  engineering 
Estimation would depend on 

Estimates w i t h  the s t a t i s t i c a l l y  essen- 

for  analysis of these e c o m t r l c  problems 
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do or what they can learn. 

provides no exclusive l icense t o  the learning o f  these skills. 

forces employers t o  l e t  nongraduates t r y  engineering jobs. 

may be college graduates without engineering degrees, college dropouts, 

t ra ined technicians, o r  simply i n t e l l i g e n t  workers without col lege t ra in ing& 

i t  Is ObViOUS, however, that  engineering t ra in ing  

Necessity 

These nongraduates 

Confusion between the jobs o f  engineer and technician i s  comnon, and 

attempts t o  s p i i t  technical jobs i n t o  two d i s t i n c t  ciasses iabeled "engineering 

jobs" and "technician jobs" are bound t o  f a i l .  

to  make t h i s  d i s t i n c t i o n  when they seek competence i n  a spec i f i c  technical 

s k i l l .  Studies both o f  the aspirations and o f  the performance o f  graduates 

o f  technical i ns t i t u tes  (schools f o r  t ra fn ing  technicians) suggest t ha t  

there institutions shtii ld be viewed froth as an inferEor route to engineering 

and as a superior route t o  technicians' jobs. 

Employers have l i t t l e  reason 

1 I . Growth of R. & 0. Spending 

The postwar surge o f  organized research and development impelled a 

rapid growth of the s c i e n t i f i c  and engineering workforce. M i l i t a r y  R.&D. 

spending provided the major impulse during the 19501s, but space research 

has grown rapid ly  since 1961. 

it accounts f o r  one-third o f  the current R.QD. support. Total R.BD. spending 

has grown a t  about 13 percent a year and Federal R.60. spending a t  20 percent 

a year, 

Private spending grew more slowly; current ly 

Many experts, especial ly those i n  professional engineering societ ies, w r i t e  / I  
as i f  nongraduates cannot be counted as engineers-without doing violence t o  
engineering professionalism. 
formal training...is essential" t o  the d e f i n t t l o n  o f  eGgineer. None of  the 
engineering employment estimates we use are rlgorous i n  requi r ing evidence o f  
t ra in ing  f o r  inclusion, and most make no e f f o r t  t o  l i m i t  the occupation t o  
persons w i th  formal training. Blank and S t lg le r  a lso bel ieve that  the Ph.0. 
i s  a desirable c r i t e r i o n  fo r  counting scient ists,  but th is i s  f o r  econamic 
rather than s c f e n t f f i c  reasons (p. 12). Machlup /-1962 7, p. 194, goes even 
fur ther  i n  restrictness: 
look a t  researchers w i t h  a Ph.D. degree." Much o f  t h i s  restr tct lveness i s  
simply shoemakers prais ing shoes, but a f e r t i l e  f i e l d  for fur ther  research 1s 
the analysis o f  performance and funct ion o f  "undereducated'' sc ien t i s t s  and 
engineers. 

- 
Blank and S t i g l e r  / 1957 7 p. 8 assert that  ' I . . .  

"If we t a l k  about rea l  TesearTh scientists, we should 
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This section examines in turn: the trend in total R.&D. spending, 

spending by source, spending by type of R.&D., and R.&D. performance. 

The Trend in Total Research and Development Spending 

Everyone agrees that the total amount of research and development has 

been increasing steadily for years, but there i s  disagreement about the 

exact rate of increase. The measurement problems are both definitional and 

statlstical. The definitions i n  use include in R.&D. a number of scientific 

and engineering activities that have little or no social utility. These 

include research directed toward "inventing around a patent" (such as search 

for compounds that are therapeutically and chemically similar but different 

enough to be patented), the preparation of proposals for R.&D. contracts 

(especially for the Department of Defense), and some kinds of technical sales 

/1 and sales Promtion* - The statistical problems arise from the limited uni- 
verse sampled and the freedom firms have to decide how much of their activity 

is R.&D. 
/2 so excludes most individual inventors and much invention in very small firms.- 

The National Science Foundation covers only organized R.&D. and 

Nor does the NSF definition include the cost of the large amount of day to 

day modification and methods improvement made by craftsmen, technicians, and 

engineers inc'dental to their primary function in production. 

Concern that much activity in R,ED. is not very useful has led to detailed /1 
consideration of the problem of efficiency in the conduct of R.&D. 
Committee on Utilization of Scientific and Engineering Manpower 11964 - 7 and 
especially Cherington - /-1964 - 7. 
/2 - This objection has been made by Sanders /-I962 7, p. 59. 
of individual inventive activity is not an importast drawback for our analysis, 
since scientist and engineer employment i s  concentrated in organized R.&D. 
rather than individual inventive activity. 

- 
See 

The exclusion 



Shall we attempt to measure the value of the output of R.ED. or only the 

cost? This is a familiar problem in national accountlng. Since R.GD. output 

i s  not usually sold, we cannot easily measure the market value of R.&D. output. 

This is also true of government services such as police, the courts and defense, 

and of medical care. The market value of R.60. projects completed in the year 

could be est?mted by eapfta?fzing the stream of returns resulting from the 

successful projects. - The sum of these values would be the value of R.U) .  /1 

performed in the year. Much current R.&D. effort i s  devoted to development 

of weapons. While some weapons have substantial overseas sales, they are 

usually priced on a basis of cost plus a flxed profit. Conceivably a mill- 

tary utility lndex cou?d be WnStitiCted wktch would attribute to R.&O. the 

increase in military efficiency resulting from an improvement in weapons 

systems. - The problems are considerable, however, and I shall not try to /2 

do i t  here. Measurlng the cost of inputs to R.&O. presents enough problems. 

R.M). input costs have probably increased faster than average factor costs. 

The time series of R.&D. performance costs per scientist and engineer In 

industry increased much less over the period 1957-1963 than did salaries of 

R.M. scientists and engineers. - I3 I do not think that equipment unit prices 

See the studies of G r l  liches of €nos - r1962-7, and of Mueller - /- 1 962-7 . 
/2 - This i s  not only a problem of measuring how big the bang for a buck, but 
also of  rivalry and obsolescence formally similar to fashion goods. 
system may be deadly but inefficient because of enemy defensive measures. 
a slml lar value problem, see Scitovsky [1964 7 on measuring output in medical 
care. 
(automobiles) was treated in an important paper by Court 

- See Table 11-21 below. 

A weapon 
On 

The problem of measuring quality changz in a multid~mensional product 
1940 7. 

/3 

I 
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and wages o f  R.&D. workers have increased as rap id ly  as the salar ies o f  R.&D. 

sc ien t i s t s  and engineers, - /1  i f  so, then equipment and other R.&D. workers 

have been substi tuted f o r  scient ists and engineers so that the performance 

cost series have increased much less than the salary series. This means 

t h a t  Ram. u n i t  costs have probably not increased qui te  as rap id l y  as R.m, 

salaries. The average q u a l i t y  o f  R.&D. inputs may have declined, but t h i s  

i s  only an impression, With the growth o f  R.&D. spending, many i n f e r i o r  

sc ien t i s t s  are supported currently who might not have.'been.suppotted a few 

years ago. This i s  apparently true i n  un ivers i t ies where the average quali-  

f i ca t i ons  o f  a l l  science and engineering facul ty  have been decl in ing whi le 

un i ve rs i t y  R.&D. spending per sc ient is t  and engineer has been increasing. 

The proport ion o f  a l l  engineers and sc ien t i s t s  engaged i n  R.&D. has been 

increasing and t h i s  i s  sometimes taken t o  mean tha t  the q u a l i t y  o f  the R.&D* 

work force Is decreasing. A large number of these R.U). sc ien t i s t s  and 

engineers work on large scale projects for which mere competence may suff ice, 

The attempt t o  discover a constant d o l l a r  cost o f  R.&D. performance 

requires a def la tor  d i f f e r e n t  from the commonly used p r i ce  indexes o f  the 

GNP def lator,  the Wholesale Price index or  the Consumer Price Index. Lacking 

a sat isfactory measure o f  the value of  R.&D. output we cannot answer the 

important question: has R.&D. output increased absolutely and as a percent 

o f  GNP? Lacking an adequate deflator we cannot even answer the question: has 

the constant do l l a r  cost o f  R.&D. increased absolutely and as a percent o f  

constant d o l l a r  GNQ? 

The only evidence for t h i s  i s  an experimental index o f  R,&D.  costs prepared 
This shows t o t a l  Army Department R.&D. 

/1 

by the BLS (See Searle /-1966 7 p. 58.) 
input costs i n  1963 a t  706.1 71961 = loo), and d i r e c t  labor costs a t  107.9 
(1961 = 100). 
t o r  stood a t  110.2 (1961 = 100). 
were s c i e n t i s t  and engineers' salaries. 

- 
I n  the same year the R.&D. salary index which I use as a defla- 

Not a l l  o f  the Army R.&D. d i r e c t  labor costs 
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For lack o f  something better we use an index of R.ED. salar ies t o  answer 

/1 
the l a t t e r  question. - Since R.&D. spending increased as a percent o f  GNP 

(both i n  current do l l a rs  and i n  constant dol lars)  we conclude that  R.&D. 

spending increased absolutely and as a percentage during the postwar period 

(Table 11.1). The increase i n  constant d o l l a r  R.&D. spending as a percent 

o f  constant do l l a r  GNP i s  much smaller. 

The rates of increase o f  t o t a l  and government R.€D. spending have been 

remarkably steady except during wartime (Fig. 1). 

t o t a l  R.&D. spending has been close to 13 percent a year while Federal R . 6 0 .  

has increased a t  about 20 percent a year, 

The r a t e  of increase o f  

Spending by Source 

The Federal government i s  the ch ief  supplter o f  R e a .  funds. In 1963 

about two-thirds o f  t o t a l  R.&D. funds came from the Federal government (Table 

11-2). 

(Table 11-3). 

This percentage has been increasing s teadi ly  slnce World War II 

Industry i s  the n e x t  important source o f  funds. Industry's 

/1 

engineers derived from the Los Alamos survey o f  R e a .  salaries. 
time earnings'' i s  

- 
The index used i s  based on " l i f e t ime  earnings'' o f  R.&D. sc ien t i s t s  and 

The "life 

R 

t=l 
L = C Etpt 

where E t  1s earnings i n  Year t, P t  i s  the p robab i l i t y  of a worker surviv ing 
from year 1 through year t. This index i s  probably biased so that  i t  over- 
estlmates the amount of p r i ce  increase i n  research and development since 
salarfes have increased faster than most other factor  prices. The isolated 
estimates f o r  1941, 1943, and 1946 are derived from l i f e t i m e  earnlngs for 
engineers and chemists derived from Bureau o f  Labor S t a t i s t i c s  and American 
Chemical Society data, 



-9- 

R.&D. spending has decreased as a percentage of t o t a l  R . f D ,  spending but has 

grown more rap id ly  than gross national product. Colleges and un ivers i ty  

funds f o r  research have increased rapidly, even though the percentage of  

t o t a l  R.&D. spending has decreased. 

Federal Government R.CD. Support. The disproport ionately rap ld growth 

of Federal R.&D. spending has outpaced pr lvate R.GD. spending, This has 

led t o  discusslons o f  the " c l v l l l a n  technology gap" o r  'tlag" despite the 

rapid growth o f  pr ivate spending and t o t a l  basic research, Most pr iva te  

R.&D. spending s e i the r  commercial o r  purely sc ien t i f i c .  The trends i n  

research factor  prices suggest that "real" pr iva te  R.&I?. performance has 

increased both absolutely and a5 a percent of  rea l  GNP (Table 11-4). 

Federal R . M .  expenditures have grown steadi ly  r e l a t i v e  to  t o t a l  gov- 

ernment spending from 2 percent in  1945 t o  16 percent i n  1965 (Table 11-5). 

This represents a trend ra te  of growth o f  about 20 percent per year for the 

l a s t  two decades. 

the cold war, The ra te  o f  growth during World War II was rapid, but growth 

was small i n  absolute amount. Total war i s  not 8 t i m e  for experimentation, 

rather i t  usual ly requires substained productive effort,  d i rected toward 

the output and incremental (or "evolutionary") improvement o f  proved models. 

I t  i s  i n  periods o f  armed truce that modern nations both arm themselves w i t h  

weapons f o r  today and experiment t o  discover weapons for tomorrow. 

weapons o f  World War 11--the atom bomb, the V-weapons, and the j e t  plane- 

have improved upon by world powers, and these development programs are by 

t h e i r  nature expensive. 

o f  experimentation are both so great tha t  i t  i s  a question o f  high po l i cy  

The increase in R.&D. spending Is pr lmar l l y  a resu l t  of 

The new 

Indeed, the  expense o f  production and the expense 



Table 11-1 

Research and Development Spending i n  Current and Constant (1958 = 100) Dollars 

and as Percent o f  Gross National Product 

i n  Current and Constant -Dollars, lm-1963  

Ram. Spending GNP Ram. Spending 

Cur rent  Cur rent 1958 Cur rent 1958 
(mi 1 i ions) (bi 11 ions) as Percent of  QNP 

- Yearb D ~ I  la rs  

1940 
1941 
1 942 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
1963 

Dol l a rs  

$ 99.7 
124.5 
157.9 
191.6 
201.1 

212.0 
208,s 
231.3 
257.6 
256. 5 

284.8 
328.4 
345.5 
364.6 
364.8 

398.0 
419.2 
441.1 
447.3 
483 . 6 

503 8 

560.3 
589.2 

520.1 

Doiiars 

$ 2 2 L  2 
263.7 
297.8 
337.2 
361 3 

355.4 
312.6 
309.9 
323.7 
324.1 

355.3 
383.4 
395.1 
412.8 
407.0 

438.0 
446.1 
452 5 
447.3 
475.9 

487.8 
497.3 
530.0 
550.0 

Dol i a rs  

0.90 
0.86 
0.77 
O s 7 2  
0.72 

0.84 
1.08 
1-13 
1-01 
1.12 

1.18 
1. I4  
1.16 
1.42 
1.55 

1.56 
2.00 
2.22 
2.42 
2-57 

2.70 
2.76 

2.94 
2-79 

Doi i a r s  

NA 
1 .oo 

NA 
0.85 

NA 

NA 
1.32 

EiA 
NA 

1.36 

1.41 
1.34 
1.27 

1.72 

1.61 
2.11 
2.34 
2.42 
2.50 

2.54 
2.48 
2.42 
2.45 

1.51 

a. Index based on ROW. salaries. 

b. 1940 to  1952 Is 1941 t o  1953 I n  source. 

Source: 1940-52 R.&D. spending estimated by Department of  Defense. 
1953-63 R.6D. spending estimated by the National Science Foundation. 
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Table 11-2 

Sources of Research and Development Funds, 1953-63a 

Millions of  Dollars Percent of  Total 
Other Other 

Colleges Noh Colleges Now 
Federa 1 and Profit Fedeta 1 and Profit 
Govern- Indus- Univers- Insti- Govern- Indus- Univers- Insti- 

Year Total ment t r y  ities tutions Total ment try it ies tut ions 

1953$ 5,160 $ 2,760 $2,240 $120 $ 40 100 53 43 2 I 
1954 5,660 3,120 2,365 130 45 100 55 42 2 I 

-- 

1955 6,200 3,500 2,510 140 50 100 56 40 2 1 
1956 8,370 4,820 3,330 155 65- 100 58 40 2 1 
1957 9,810 6,105 3,455 180 70 100 62 32 2 1 
1958 10,810 6,840 3,700 igo 80 100 63 34 2 1 
1959 12,430 8,070 4,070 190 100 100 65 33 2 1 

1960 13,620 8,770 4,540 200 1 IO 100 64 33 .I 1 

1963 17,350 11,340 5,565 260 185 100 65 32 1 1 

1961b14,380 9,220 4,810 210 140 100 64 33 1 1 
1962,15,610 10,045 5,175 230 160 100 64 33 1 1 

a. Based on reports of performers and related estimates. 

b. Preliminary. 

Source: National Science Foundation, 
"Research Funds Used in the Nation's Scientific Endeavor, 1963," 
Reviews of Data on Science Resources, No. 7, NSF 65-11, Washington 
Way, 1965, Table 2b, p. 8. 
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Table 11-3 

Sources o f  Funds for Research and Development 
Estimated by the Department of  Defense, 1941-1958 

M i  11 ions o f  Dollars Percent o f  Total 
Nonprof i t Nonprofit 

Govern- I ndus- ins t f tu- Govern- I ndus- i nst i tu- 
Year Total ment t r y  t ions Total ment t r y  t lons 

1941 $ 900 $ 370 $ 510 20 100 41 57 2 
1942 1,070 490 560 20 100 46 52 2 
1943 1,210 780 410 20 100 64 34 
1944 1,380 940 420 20 100 68 30 2 

2 

1945 1,520 1,070 430 20 100 70 28 2 
1946 1,780 910 840 30 100 51 47 2 
1947 2,260 1,160 1,050 50 100 51 47 2 
1948 2,610 1,390 1,150 70 100 53 44 3 
1949 2,610 1,550 990 70 100 59 38 3 

1950 2,870 1,610 1,180 80 100 56 41 3 
1951 3,360 1,980 1,300 80 100 59 39 2 
1952 3,750 2,240 1,430 80 100 60 38 2 
1953 4,000 2,490 1,430 80 100 62 36 2 
1954 4,140 2,460 1,600 80 100 59 39 2 

1955 5,400 2,720 2,600 80 100 50 48 1 
1956 6,500 3,170 3,250 80 100 49 50 1 
1957 8,200 3,750 4,300 150 100 46 52 2 
1958 10,230 4,430 5,600 200 100 43 55 2 

Source: U.S. Department o f  Defense, Of f ice o f  the Secretary, i n  U.S. 
Department o f  Commerce, Bureau o f  the Census, S t a t i s t i c a l  Abstract 
of  the United States, Washington, U.S. Government Pr in t ing  Office, 
19&, Table 706. 
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Table 11-4 

Private Research and Development Spending in Current and Constant (1958 = 100) Dollars 
and as Percent o f  Gross National Product in Current 

and Constant Dol lars, 1940- 1963 

Year 

1 940 
1941 
1942 
1943 
1944 

1 945 
1 946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 

1963 

- 

1962 

R.&D. Spending 
(mi 1 1  ions) 

Current 1958 
Dollars 001 larsa 

870 NA 
1,100 2,007 
1,220 NA 
1,060 NA 
1,260 1,941 

1 ,380 2,064 
1,510 2,068 
1,510 1,890 
2,400 2,899 
2,540 3,147 

2 , 700 3,075 
3,550 4,002 
3,705 4,010 
3,970 3,970 
4,360 4, 172 

4,850 4,409 
5,160 4,418 
5 , 565 4,565 
6,O i o  4,673 

GNP 
(bi 1 1  ions) 

Current 1958 
Dollars Dol tats 

212.0 355.4 
208.5 312.6 
231.3 309.9 
251.6 323.7 
256. 5 324.1 

284.8 355.3 
328.4 383 4 
345.5 395.1 
364.6 412.8 
363.1 407.0 

398.0 438.0 
419.2 446.1 
442.8 452 5 
447.3 447.3 
483 e 6 475.9 

a. Index based on R e Q D e  salarfes. 

R.&D. Spending 
as Percent of CNP 

Current 1958 
Dollars Dollars 

0.53 NA 
0.46 0.54 
Om27 NA 
Om23 0.27 
Om21 NA 

Om41 NA 
0.53 0.64 
0.53 NA 
O.hi w 
Om49 0.60 

0.48 0.58 
0.46 0.54 
0.44 0.48 
0.66 0.70 
0.70 0.77 

0.68 0.70 

O m 8 4  0.89 
Om 89 0.89 

0.85 0m90 

0.90 0m88 

0.96 0.90 

0.99 0m86 
1.02 Om 85 

0.99 0.89 

Source: 1940-52 R . & D m  spending estimated by Department of  Defense. 
1953-63 R.&D. spending estimated by the National Science Foundation. 



Year - 
1940 
1941 
1942 
1943 
1944 

1 945 
1946 
1947 
1948 
1949 

1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 

1960 
1961 
1962 
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Table 11-5 

Tota 1 Federal Expenditures and Expend1 tures and 

Research and Development Faci l i t f e s ,  Fiscal Years 1940-66 
Ob1 lgations for Federal Research and Development, and 

(mi 11 ions o f  dollars) 

Tota 1 

i tures 
ExpendI- 

Research and Development and 
Research and Development 

Obligations Expends tures 
f a c i l i t i e s  

R.&D. Expendi- 
itures as 
Percent of 

Tota 1 Federa 1 
Expenditures 

$ 9,055 
13,255 
34,037 
79,368 
94,986 

98,303 
6@,326 
38,923 
32,955 
39,474 

39,544 
43,970 
65 * 303 
74,120 
67,537 

64,389 
66,224 
68,966 
71,369 
80 , 342 

76 , 539 

87 , 787 
87,515 

92.642 

NA 
NA 
NA 
NA 
NA 

NA 
HA 

$ 691 
868 

1 105 

1 , 175 
1,812 
2,194 
3,361 
3,039 

2,745 
3,267 
4,389 
4,905 
7,116 

8,074 
9,601 

11,060 
13,650 
15,310 
16,488 
16,146 

$ 74 
198 
280 
602 

1,377 

1,591 
91% 
900 
855 

1,082 

1,083 
1,301 
1,816 
3,101 
3, 148 

3,308 
3,446 
4,462 
4,990 
5,803 

7,738 
9,278 

10,373 
11,988 
i4.694 
15,371 
15,438 

0.8 
1 * 5  
.8 
.0 

1.4 

1.6 
1 .5 
2.3 
2.6 
2-7 

2.7 
3.0 
2.8 
4.2 
4.7 

5.1 
.'512 
6-5 
7.0 
7.2 

10.1 
11.4 
11.8 
12.9 
15.0 
1518 
15.5 

Source: National Science Foundation, Federal Funds for Research, Development, 
and Other S c i e n t i f i c  A c t i v i t i e s ,  NSF 65-19, Vol. X I V ,  Table 2. 
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t o  decide the proportions i n  which the m i l i t a r y  budget i s  t o  be s p l i t  between 

the needs of the force in  being and the hopes o f  the force o f  the future. 

I f  the m i l i t a r y  foreground i s  neglected, then the nat ion i s  exposed t o  

i nsu l t s  and provocations that  cannot be countered by forces i n  being. 

the m i l i t a r y  horizon i s  slighted, the enemy may come up w i t h  an innovation 

tha t  decis ively a l t e r s  the re la t i ve  strength of the antagonists. M i l i t a r y  

/1 
R.M). i s  m i l i t a r y  investment fo r  the future. - 

If 

Thus i t  i s  understandable that during the period since the Korean War 

American R.W. e f f o r t s  have expanded rapidly. The pol i t ica l  competition 

has also spurred r i v a l r y  i n  space, and the substantial American space ef for t  

i s  a lso c lass i f i ed  as R.&D. spending. 

spending on space which i s  not d i r e c t l y  m i l i t a r y  has the resu l t  of  reducing 

the volume o f  m i l i t a r y  R . M .  because i t  uses resources that might be used 

f o r  d i r e c t l y  m i l i t a r y  developments. 

I n  a two nation r i v a l r y  competitive 

While m i l i t a r y  spending has dominated government R.W., rates o f  growth 

o f  spending by Health, Education, and Welfare ( largely medical) and the 

National Science Foundation have been extremely rapid (Table 11-6). By f a r  

the most rap id ly  growing agency i n  recent years i s  the National Aeronautics 

and Space Adm;nistration. 

f rom the Department o f  Defense to  NASA, but i t  a lso represents a very sub- 

s t a n t i a l  making up f o r  the slow growth of DOD since 1961. 

rapid growth of NASA R.&D. spending or  some other increase, the r a t e  of 

growth o f  government R.6D. spending would have f a l l e n  o f f .  

Part o f  t h i s  growth represents t ransfer o f  programs 

Without the 

/1 
gap. 
b i l l i o n .  Most o f  t h i s  underestimate i s  i n  the industry sector. 

It i s  d i f f i c u l t  t o  take the DOD estimates very seriously, but they fill a 
The DOD estimate for 1953 i s  $4 b i l l i o n  and the NSF estimate i s  $5.2 
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Table 11-6 

Federal Research and Development and Research and 
Development Faclllty Expenditures, Selected 

Agencles, Fiscal Years 1940-6 
(mi 1 1 ions of dol tars) 

Fi sca 1 
Year Tota 1 - 
1940 $ 74 
1941 198 
1942 280 
1943 602 
1944 1 $377 

1945 1,591 
1946 918 
1947 900 
1948 855 
1949 1,082 

1950 1,083 
195 1 1,300 
1952 1,816 
1953 3,101 
1954 3,148 

1955 3,308 
1956 3 $446 
1957 4,462 
1958 4,990 
1959 5,803 

1960 7 738 
1961 9,278 
1962 10,373 
1963 1 1,988 
1964 14,694 
1965(est) 15*371 
1966(est) 15,438 

D OD NAsAa 

$ 2 6 $  2 
144 3 
21 1 5 
395 10 
448 18 

- 

5 13 24 
41 8 24 
55 1 35 
592 38 
695 49 

652 54 
823 62 

1,317 67 
2 , 455 79 
2,487 90 

5 , 654 40 1 
6,618 742 
6,812 1,251 
6,849 2,540 
7,517 4,171 
7,222 4,900 
6,881 5,100 

HEW NSF - - 
$ 3 *-= 

3 --- 
3 I.. 

3 --.I 

3 -90 

3 -90 

4 -9. 

10 -0- 

23 --- 
20 --- 
40 9-9 

53 (4 
64 $ 1  
65 2 
63 4 

70 9 
86 15 
144 31 
180 33 
253 51 

324 58 
374 77 
512 105 
632 142 
793 190 
813 201 
964 259 

a. 
b. 
C. Less than $500,000, 
d. 

NACA prlor to fiscal year 1958. 
Federal Security Agency before FY 1953. 

Originally War Department (000) funds but shown separately to identify 
funds for atomic energy research. 

Source: Natlonal Science Foundation, Federal Funds for Research, Development, 
*and Other Scientific Activftles, NSF 65-19, Vol. X I V ,  tables 1 and C-46. 
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Federal government R. 0. spending i s  motivated pr imar i ly  by m i l i t a r y  

needs, but the almost magical fa i th  i n  s c i e n t i f i c  research as a cure f o r  a l l  

problems has led t o  rapid growth o f  research agencies i n  many government agen- 

cies. 

t i f i c  in terest  o r  commercial appiicatlon. 

the government's recognit ion o f  the contr ibut ion to s c i e n t i f i c  and technologfca? 

leadership can make t o  m i l i t a r y ,  economic, and p o l i t i c a l  leadership. The 

emergence o f  the United States as the leading world power has doubtless made 

Congress more generous i n  i t s  research support. 

The government conducts and supports research i n  many areas o f  scfen- 

This support i s  a lso prompted by 

Industry Support. industry support o f  R. E 0. i s  motivated pr imar i ly  by 

search f o r  prof i ts,  

ment; nevertheless, i t  supports about one-fourth o f  the basic research i n  the 

country, about twice as much as i s  supported by univers i ty  funds. 

Industry spends most o f  i t s  research support for develop 

Federal support has increased as a percent o f  t o t a l  R. & 0. spending i n  

6 o f  14 industr ies over the period 1957-64 (Table 11-7). 

has not increased a t  a ra te  closely related e i ther  t o  the  ra te of  change o r  

Private spending 

that  increased 

t o  increase o r  t o  

dered as relevant 

r e l a t i v e l y  importance o f  Federal financing. This suggests 

government spending does not have a strong tendency e i ther  

decrease pr ivate R. & D. spending when industr ies are cons 

/1 
units. - 

Industry pr ivate R. & 0. spending d i f f e r s  among industries; those that  

are research oriented, such as chemicals, machinery, and communications spend 

Bland and S t i g l e r  /-1957 7 suggest that  Federal slendin might have a 
/1 

replacement e f fec t  on i i r m  R': & 0. spending. Black / 1964 4 uses more recent 
data t o  show that  "pump-primlng!' rather than "replac2mentITmay be the pre- 
dominant effect o f  Federal R. I; 0. receipts by firms. 

- 



Table 11-7 

Federal and Private Research and Development Funds for, 
Research and Development Performance, by Industryt 1957-64 

(ml 1 1  Ions o f  dol lars) 

1957 1964 Federal as Percentage Grawth 

a1 vate a1 vate 1957 1964 Total Federal Private 
Feder- Prim Feder- Pri= % of total 1457-19@+ - - - - --- industry 

lndustrlel chemfcals 80 423 172 684 

Drugs 0 104 11 224 

Other chemicals 9 89 47 146 

Pet ro leum 

Rubber 

16 212 27 310 

33 74 26 124 

Prilnary metals 6 110 8 182 

Fabricated metals 45 65 18 133 

Mach1 nery 264 426 258 770 

Electrical equipment 1,199 576 1,628 1,007 

htor V~I I  i c lesa 212 492 324 865 

Alrcraft and misslles 2,266 327 4,607 489 

Sclentiffc instruments 82 57 120 90 

Opttcal 6 Surgtcal 
Instruments 29 81 88 185 

56 57 73 75 

0 O N A  NA 

0 o 62 NA 

16 20 70 115 

0 5 126 NA 

9 24 97 422 

7 8 4 8  69 

31 17 40 21 

5 4 6 4  33 

41 12 37 -60 

38 25 49 - 2 
68 62 48 36 

30 27 69 53 

87 90 96 103 

59 57 51 46 

26 32 148 203 

a, Includes transportatlon equipment other than alrcraft. 

70 

NA 

62 

62 

11s 

64 

46 

68 

65 

105 

81 

75 

76 

50 

58 

128 

Source: National Sclence Foundatlon, "BasIc Research, Applied Research, and 
Development In  American Industry, 1964," Revfews of Data on Sclence Resources, 
No. 7, NSF 66-6, Washlngton, 1966, P. 9, table 40 
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the relevant comparisons because value added i s  the most precise measure of 
the amount o f  economic a c t i v i t y  a t t r i bu tab le  t o  f irms i n  the industry. 

- I have used value added by manufacturing rather than sales or p r o f i t s  as 

- 20- 

a r e l a t i v e l y  large percent of the i r  value added on research - /1 (Table 11-8). 

I ndus t r i a l  technical characterist ics are obviously important i n  determining 

the degree of R. & 0. orientat ion, An industry tha t  spends r e l a t i v e l y  l i t t l e  

on R. & 0. may be one whose technology or products are not readi ly  improved 

by organized R. & D. There i s  no necessary impl icat ion of  progressiveness 

associated w i t h  R, & D, spending, but there does seem t o  be an asroclat ion 

between p r o f i t  rates and research orientat ion. 

Market structure has long been alleged t o  be related t o  progressiveness 

and research support. 

t o  be associated w i t h  innovation and a propensity t o  spend on research. 

Schmockler - r l 9 S S  - 7 has argued that there Is m carre!ation of s?ze ~ I t h  R. G 9. 

spending as a proport ion o f  sales, even though the probabi l i ty  o f  performance 

i s  correlated w i t h  size. Wi l lard - r 1 9 5 9  - 7 suggests that  t h i s  means a concen- 

t ra ted  industry w i l l  spend more on R. & D. i f  a l l  f i rms tha t  perform spend the 

Oligopoly has been supposed by Schumpeter and others 

same percentage since large f irms are more l i k e l y  t o  perform some research. 

Universi ty R. & 0.  Spending. The primary motivation o f  un ivers i ty  spending 

on research i s  the t r a d i t i o n a l  role of  the un ive rs i t y  as a contr ibutor t o  know- 

ledge. In the United States most o f  the R. & D. spending by univers i t ies i s  

devoted t o  basic research. 

m i l l i o n  on R. & !le, o f  which $180 m i l l i o n  was for  basic research. 

t h i s  basic research i s  an outgrowth of the normal process o f  education. 

In 1961-62, f o r  Instance, un i ve rs i t i es  spent $230 

Much of 

While 

some un lve rs i t i es  support research professors, much o f  these funds was seed 
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Table 11-8 

RafD. Performance and Spending as Percent of  Value Added 
1962, and Rates o f  Return on Stockholders 

Equi ty, 1963, Selected Industr ies 

R e a m  Spending Rates of Profi t  
as Percent o f  a f t e r  Taxes on 

Total  Pr ivate Equity' 1963 

1962 1962 
Value R.&D. S errdtn btlalue Added Stockholders' 
Addeda - -- I ndust ry 

Tote 1 manufacturing 179,290 11,560 4,831 6.5 

food 20,856 I O 8  103 0.5 

Lumber and wood 3,606 8 8 0.2 

Paper and a 1 1 led 7,044 65 65 0.9 

Chemicals and a l l i e d  16,062 1,151 894 7.2 

Petroleum 3,439 302 281 8.8 

Rubber 4,316 126 94 2.9 

Stone, clay f glass 6,605 117 117 1.8 

P r  lmary meta 1 s 13,744 166 152 1.2 

Fabricated metals 11,119 132 100 1.2 

Mach I nety 16,068 943 633 5.9 

E lec t r i ca l  equipment 15,595 2,498 887 16.0 

Transportat ton equipment 20,946 5,056d 1 ,087d 24.0 

I nstrument s 4,303 455 231 10.6 

2- 7 

0.5 

0*2 

0.9 

5.6 

. 

8.2 

2.2 

1.8 

1. 1 

0.9 

3.9 

5. 7 

5.2 

5.4 

10.2 

9.0 

8.2 

8.1 

12.9 

11.2 

9.2 

8.6 

7.2 

8.3 

9*6 

10.0 

15.2 

12.0 

U.Sm Department of COmmerce, Bureau o f  the Census, 1962 Annual Survey of 
Manufactures, reported i n  S t a t l s t l c a l  Abstract o f  the United States, 1964, 
table no. 1109, p. 773. 

National Science Foundation, NSF-63-40, 

Federal Trade Commission and Securit ies Exchange Commission, Quarterly 
Financlal Report for  Manufacturlng Corporations, reported i n  S t a t l s t l c a l  
Abstract o f  the United States, 1964, tab le no. 671, p. 497. 

Includes miss1 lesa 
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support f o r  graduate student research fellows, and small grants. Nevertheless 

the col  lege and univers i ty  spending averaged about $1,800 per science and 

/1 engineering teacher. - Most of t h i s  spending was performed by the large 

endowed pr ivate un ivers i t ies and by a few very wel l  supported s tate un ivers i t ies 

and by a few very wel l  supported s tate universi t ies.  As a result,unlversity 

R. & D. spending per fu l l - t ime  equivalent R. & 0. engineer o r  s c i e n t i s t  was 

about $4,000 a year. - /2 

A considerable part  o f  universi ty R. & D. spending (which m y  o r  may not 

be counted) may be support funds o r  "seed money" f o r  supported research. 

v e r s i t y  administrators complain that government research contracts do not 

Uni- 

provide s u f f  i c i e n t  payment f o r  overhead. 

Spending by Type o f  R. & D. 

The National Science Foundation /-1963a 7 defines R. & D. a c t i v i t i e s  as - - 
f o l  lows: 

Research and development . . . include basic and applied research i n  the 
natural sciences, including medical scknces and engineering, and develop- 
ment. 

- -  
Basic Research . . . - -  /for /  three o f  the sectors, Federal Government, col- 
leges and universi t ies,  and other nonprof i t  Inst i tut ions.. is research i n  
which ''...the primary aim o f  the Investigator i s  a f u l l e r  knowledge o r  
understanding o f  the subject under study, rather than a pract ica l  appl i -  
cat ion thereof." 4..for the industry sector ... basic research ... - l i s 7  - 
"or ig inal  'nvestigation /s/ "or ig inal  invest igat ion /q f o r  the advance 
ment o f  s c i e n t i f i c  knowlage ... which do not have s z c i f i c  commercial 
objectives, although they may be i n  f i e l d s  of present or  potent ia l  in terest  
t o  the report ing company." 

/1 - There were an estimated l3O,OOO science and engineering teachers (about one- 
h a l f  o f  the estimated 269,000 teachers o f  the rank o f  i nz t ruc tz r  or above i n  the 
f i r s t  term o f  1961-62 according t o  Of f ice o f  Educat ion1 1963 - /, Table 55, p. 66.) 
/2 - Based on an estimate of  52,000 from National Science Foundation /79627 and 
an estimate of R. & D. spending by colleges and univers i t ies of  $21O-mfl~ion 
i n  academic year 1960-61. 

~ ~ 
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Appl led Research ... - /Tor i  colleges and universities"... i s  directed 
toward pract ica l  app l i ca i i on  of  knowledge." ... /Tor7 indus t r ia l  
organizatlons - -  /it/ covers "research projects . . . d7re;ted t o  discovery 
o f  new s c i e n t i f i c  knowledge and which have speci f ic  comnercial objec- 
t ives w i t h  respect t o  e l  ther products o r  processes." 

Development "... i s  the systematic use o f  s c i e n t i f i c  knowledge directed 
toward the production o f  useful materfals, devlces, systems or  methods, 
including design and development of prototypes and processes." 

The growth o f  t o t a l  R, & D. spending has resulted In a rapid increase i n  

spending on basic research as a percent of t o t a l  R. & D. spending. Spending 

on basic research has increased more rap id ly  than GNP, and has been growing as 

a proport ion o f  t o t a l  R. E D. spendjng. Federal basic research spending has 

also increased as a proportfon o f  Federal spending and o f  Federal R. & D. 

spending (Table 11-9). The Federal government provides about three-f i f t h s  o f  

a l l  basic research funds, and this proport ion Is growing (Table 11-10). The 

growing r e l a t i v e  importance o f  the  Federal government i s  understandable because 

research motivated pr imar i ly  by the desire t o  add t o  the stock of knowledge 

i s  not always appropriable o r  patentable. By the terms o f  the def in i t ion,  

the expected economic return o f  any one basic research project  i s  approximately 

zero. - Ordinar i ly  f i r m s  i n  competitive industr ies w i l l  have very l i t t l e  

Firms may support basic research 
/2 

inducement t o  finance basic research. - 
/ l  

Basic research has an analogy i n  the "pop" record business. The expected 
/ I  

p r o f i t  on any one record by a unknown or l l t t l e  known recording a r t i s t  i s  
negative. 
f i t s ,  and the f i r m  w i t h  many records and a good sense o f  the business w i l l  
have i t s  share o f  unpredictable hits. 
by the records that  become hits. 
by Frank Sinatra or the Rol l ing Stones, but corporations ce r ta in l y  expect p r o f i t s  
from the research o f  men l i k e  bngmuir or  Shockley, I t i s  a matter of taste 
whether a radio studio w i t h  i t s  huge p i l e  o f  rejected and unplayed recordings 
i s  a more depressing sight than a journal  edi tor 's o f f i c e  w i t h  i t s  stack for 
re jected and unpubl ishable research reports. 
/2 - A competitive f i r m  i s  only a small part  o f  the industry and can only expect 
t o  earn the "normal" ra te  o f  return on investment, Since we have assumed the 
expected return o f  a piece of basic research i s  zero, i t  i s  simply money thrown 
away f o r  a competitor t o  perform basic research. 

A small percentage o f  these records make the charts and show pro- 

Recording executives are o f ten  astonished 
O f  course, p r o f i t s  are expected from records 
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Table 11-9 

Federal Obligations for Basic and Applied Research and 
Development, Flscal Years 1956-63 

(mi 11  ions of dol lars) 

Research 

Fiscal Year R. & D.a Total Basic Appl led - 
1956 $ 2,990 $ 842 $ 201 $ 641 
1957 3,924 915 254 66 1 
1958 4,572 1,034 327 707 
1959 6,692 1,390 484 906 

1960 7,550 Is927 585 1,342 
1961 9,057 2,337 804 1,533 
1962 10,288 2,977 1,085 1,892 
! 963 !2,464 4,070 : ,359 2,711 
1964 14s 133 4,541 1,574 2,967 
1965 (estimated) 14,829 5,057 1,808 3,249 
1966 (estimated) 15,280 5,607 2 a 049 3,558 

Develop. 
ment b 

$2 , 147 
3,009 
3,538 
5 , 302 
5,623 
6 s 702 
7,311 
8,394 
9r 592 
9,772 
9,673 

a. Excludes obligations for  R,bO. facilities. 

be fncludes pay and allowances for all military personnel engaged in 
R o E D a  regardless of type work, 

Source: Natlonal Science Foundation, Federal Funds for Research, 
Development, and Other Sclentlfic Actlvitles, NSF 65-19, 
Vol, XiV, tables 3, 6, 10. 
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Table 11-10 

Sources of  Baslc Research Funds 1953- 1963' 
MlllIons of Dollars Percent of Tota 1 

Colleges Other Col leges Other 
Federa 1 and Nonplrofit Federa 1 and Nonprof 1 t 
Govern- Indus- Unfvers- imstb Govern- Indus- UnIvers- lnst 1- 

Year Total ment try ltles tutions Total ment try 1tIes tutfons 

1953 $ 412 $ 184 $146 $ 57 $ 25 100 45 35 14 6 
1954 455 N A N A  62 31 100 NA MA 14 7 

-- 

1955 517 N A N A  70 38 100 NA NA 14 7 
1956 619 W A N A  7s 41 100 NA NA 12 7 
1957 721 334 247 90 50 loo 46 34 12 7 
1958 882 443 272 1 1 1  56 100 50 31 13 6 
1959 992 537 272 118 65 100 54 27 12 7 

1,135 543 325 140 77 100 52 27 12 7 
1961 1,324 713 348 161 102 100 54 26 12 8 
1962b 1,575 910 367 180 118 100 58 23 1 1  7 
1963b l,815 1,oa 400 220 135 100 58 22 12 7 

NA = not avallable 

a. 
b. Prel Imlnary. 

Source: National Science Foundatlon, "Research Funds Used In the Nation's 

Based on reports by performers and on related estimates. 

Sclentlflc Endeavor, 1963," Revlews of Data on ScIence Resources, NSF 
6511, Washington, May 1965 table 3b, p. 8. 
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because they are so concentrated in  a f l e l d  o f  technology and the technology 

i s  so concentrated i n  the f i r m  that basic advances w i l l  b r ing returns. Thus 

DuPont may expect t o  benef i t  from almost any advance i n  chemistry even though 

they cannot see precisely how i t  w i l l  happen. In a very rea l  sense, 'What 

i s  good f o r  chemistry i s  good for DuPont." Nylon i s  the c lassical  example of 

a successfui commercial appl icat ion from basic reasearch. - /'I Ol igopol is t ic  

interdependence and market practices may be important i n  inf luencing basic 

research spending by industry even i f  it i s  not very important i n  inf luencing 

spending on development and applied research. 

I n  ordinary circumstances basic research performance f o r  w t u a l  benef i t  

by industry depends on a k ind of t a c i t  mutual agreement. 

serves the same purpose as a industry sponsored research agency, and might be 

expected to  s e t t l e  on a percentage o f  sales as the appropriate parameter. 

practices o f  cross-licensing (as in  chemicals) or  patent pool (as i n  automo- 

b i l es )  resu l t  p a r t l y  f rom recognition of the mutual advantages o f  research. 

Such t a c i t  col lusion 

The 

Spending f o r  applied research and f o r  development i s  economically moti- 

vated. The work i s  performed because it i s  "practical" or  "useful." This 

does not necessarily mean that executive committees o r  research d i rectors  

consciously estimate expected economic return on indiv idual  projects of t h e i r  

company financeo R. 5 0. (Government financed R. 5 0. I s  a product t o  the 

company while t h e i r  own i s  an investment undertaken for the object ive of 

the responsible corporate o f f i c i a l s  bel ieve the 

or indi rect  l y  prof i table.  

prof i t) .  It only means that  

projects are e i the r  d i r e c t l y  

/1 - For a discussion see Hue l e r  I r1962 - 7, pp. 334-37. 
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Performance o f  R. E; D. 

Almost four- f i f ths of R. & D. i s  performed by industry (Table 11-11 & 12). 

This performance i s  financed almost equally by the Federal government and by 

industry i t s e l f  (Table 11-13). The second largest performer o f  R. t D., the 

Federal government, i s  wholly s e l f  financed. Colleges and un ivers i t ies  (prin- 

c l p a l l y  univers i t ies)  are the next largest group o f  performers, drawing a 

major i t y  o f  t h e i r  funds from the Federal government. 

performance by the Federal government increased about two-and-one-half times, 

industry performance increased about three-and-one-half times, un ivers i ty  

performance increased four times, and nonprof i t  i ns t i t u t i ons  increased more 

'+-- 
& I O 1 1  five t i res.  

From 1953 t o  1963 R. & 0. 

The elements o f  the flow of  R. & D. funds matr ix have changed s tead i l y  

d i th the Federal government becoming more important as a source of  funds and 

less important as a performer and industry becoming less important as a source 

e 11-13 and 11-14), 

government R. & D. 

as a i r c r a f t  and parts 

that  special ize i n  

m i l i t a r y  R. 8 D. and production. 

a i r c ra f t ,  but t:iere are many smaller f i rms i n  electronics. 

corporate giants have large defense divisions. In f i s c a l  year 1962, seven 

o f  the largest ten m i l i t a r y  contractors were I n  a i r c r a f t  and missiles. 

seven accounted f o r  about $2.6 b i l l i o n  o r  62 percent o f  the $4.2 b i l l i o n  o f  

R. & D, performed i n  the a i r c r a f t  and parts industry i n  1962, o r  22 percent 

of the $11.6 b i l l i o n  t o t a l  industry performance. This $2.6 b i l l i o n  i s  a lso  

Examples o f  large f i rms are ch ie f l y  i n  

Many American 

These 

o f  funds and more important as a user or  performer (Tab 

Industry Performance. The rapid growth o f  Federal 

spending and i t s  concentration i n  a few industr ies such 

and electronics has led t o  the emergence of  large f irms 
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Table 11-11 

Performance of  Research and Devebprrrent , 1953-63a 

M i  11 lons o t  Dollars Percent of Total 

Other othec 
Co 1 1 eges Non- Colleges Non- 

Federa 1 and p r o f i t  Federe 1 and p r o f i t  
Govern- lndus- Unfvers- i n s t i -  Govern- Indus- Unlvers- I n s t l o  

t r y  i t i e s  tu t ions Total  ment t r y  ; t ies tu t lons - - --- Year Total ment -- 
1953 $ 5,160 $1,010 $ 3,630 $ 420b $100 100 20 70 8 2 
1954 5,660 1,020 4,o7Ob 450 120b 100 18 72 8 2 

1955 6,200 950b 4,Wb 480' 'Sob 100 15 75 6 2 
1956 8,370 1,090 6,610 530b 140b 100 13 79 6 2 
1957 9,810 1,280 7,730 650b 150 100 13 79 6 2 
1958 10,810 1,440 8,390 780 200b loo 13 77 7 2 
1959 12,430 1,730 9,620 840' 2Mb 100 14 77 7 2 

1960 13,620 1,830 10,510 l,OOOb 280: 100 13 77 7 2 
1961 14,380 1,890 10,910 1,200' 380b 100 13 76 a 3 
1962C 15,610 2,220 1 1 , ~  1,400' 450, 100 14 74 9 3 

10 3 1963' 17,350 2,400 12,720 1,700b 530 100 14 73 

a. 
b. Es t lm ted  by the National Science Foundation. No sector survey i n  year. 
c. Prel  i m i  nary. 

Based on reports by performers. 

Source: Natlonal Science Foundation, "Research funds Used i n  the Nation's 
Sc ien t i f i c  Endeavor, 1963,'' Reviews o f  Data on Science Resources, 
No. 7, NSF 65-11, Washington, Hay, 1965, tab le 2a, p. 6. 



Table 11-12 

Performance of Research and Development, 
Estimated by the Department of Defense, 

1941- 1958 

Hi 1 I ions of 001 Iars Percent of Total 
Nonprofit Nonprof i t 

Govern- Indus- institu- Govern- I ndus- ins t i tu- - Year Total ment try tions Total ment try tions 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1 949 

$ 900 $ 200 $ 660 $ 40 100 22 
1,070 240 780 50 1 00 22 
1 ,2$0 300 850 60 .loo 25 
1,3 0 390 910 80 100 28 
1,520 430 990 100 100 28 
1,780 470 1,190 120 100 26 
2 , 260 520 1,570 170 100 23 
2,610 570 1,820 220 100 22 
2,610 550 1,790 270 100 21 

73 
73 
70 
66 
65 
67 
69 
70 
69 

1950 2,870 570 1,980 320 100 20 69 
1951 3,360 700 2,300 360 1 00 21 68 
1952 3,750 800 2,530 420 100 21 67 
1953 4,000 770 2,810 420 1 00 19 70 
1954 4,140 700 3,020 420 100 17 73 

1955 5,400 1,000 3,950 450 100 19 73 
1956 6,500 1,110 4,920 470 100 17 76 
1957 8,200 1,370 6,280 550 100 17 77 
1958 10,230 1,380 8,100 750 100 13 79 

Source: U, S, Department of Defense, Office of the Secretary, in 
U. S, Department of Commerce. Bureau o f  the Census. 
Statistical Abstract o f  the United States, 1960 
Washlnyton, U.S. Government Printing Off ice, 19b. table 

5 
5 
5 
6 
7 
7 
8 
8 

10 

1 1  
11 
T i  
11 
10 

8 
7 
7 
7 
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Table 11-13 

Percentage Oistrtbution of R.6 0. Funds by Source and Use, 1963 

Uses 
Colleges and 

Sources 

Total 

Federa 1 

industry 

Other nonprof I t 
institutions 

Colleges and 
universities 

Total 
(mi 1 I ions) 

universities 
Fede ra 1 

Other contract 
nonprof ? t research Total 

Total Federal industry institutions Proper centers m i l l h  

100.0 13.8 73.3 3.0 608 3.0 $17,350 

1,175 - _  -._ 525 
$17,350 2,400 12,720 530 1,700 

Source: National Science Foundation, "Research Funds Used in the Nation's 
Scientific Endeavor, 1963," Reviews of Data on Science Resources, 
Vol. I, No, 4, NSF 65-11, Nay, 1965, table 4, p. 80 
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Table 11-14 

Percentage Distribution of R. t 0. Funds by Source and Use, 1953 

Tota 1 Sources - 
Total 100.0 

Federal 53.5 

Industry 43 04 

Other nonprofit 
Institutions 0.8 

Colleges and 

Tota? 

un I vers 1 t i es 2.3 

(millions) $ 5,160 

Other Total 
nonprofit Colleges and (mill- 

Federa i ! ndustrv i n r t  i tut ions un i vers I t 1 es ions) 

19.6 70.3 1 e 9  8.1 $5,160 

19.6 27-7 1.2 5.0 2,760 

-0 42.6 0.4 0.4 2,240 

-I -- -- 2.3 120 

1,010 3,630 100 420 

Source: National Science Foundation, "Research Funds Used in the Nation's 
Scientific Endeavor, 1963,"-Reviews of Data on Science Resources, 

. Vol. I, Ho. 4, MSF 65-11, May, 1965, table 4, p. 8. 
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37 percent of the $9.6 b i  1 l ion t o t a l  o f  Federal government R. & D. spending, 

and 69 percent o f  the $3.8 b i l l i o n  o f  Federal R. & 0. spending i n  the a i r -  

/1 
c r a f t  industry. - 

The share o f  a i r c r a f t  industry i n  t o t a l  R. & D. performance stood a t  

36 percent i n  1961, a l i g h t  increase from 33 percent i n  1956. O f  th is ,  $3.5 

O f  the t o t a l  only one percent bI!lion o r  89 percent was Federal money i n  1961. 

was f o r  basic research. 

The largest indus t r ia l  performer of  pr ivate 

chemical industry. Indus t r ia l  chemcials i s  the 

consti tuent minor industr ies and i t  has substant 

y financed R. 5 D. i s  the 

argest performer o f  the 

a1 government support. 

icdustrlat R. f E. performance by non-manufacturing f irms amounts to  

less than 10 percent o f  t o t a l  R. 5 0.  spending. This demonstrates the pre- 

dominance o f  development of  large weapons systems. 

Basic research i s  not so closely t i e d  t o  hardware production as i s  develop- 

ment and un ivers i t ies  play a major r o l e  i n  the conduct of basic research (Table 

11-15). 

research, whi le  the Federal government and nonprof i t  i ns t i t u t i ons  have become 

more important. 

industry has become re la t i ve l y  less important as a performer of  basic 

Universi ty Performance. Colleges and un ivers l t ies  perform a substant ia l  

par t  o f  Federa; government research, especial ly basic research. Research 

performance i s  h igh ly  concentrated i n  un ivers i t ies  rather than colleges, and 

among the un ivers i t ies  i t  i s  highly concentrated i n  the few ins t i t u t i ons  of 

world reputation that  emphasize graduate study. 

Universi ty of Cali fornia, the Universi ty o f  Chicago, the Massachusetts I n s t i -  

t u t e  o f  Technology, and the Cal i fornia I n s t i t u t e  o f  Technology administer 

Several o f  these, such as the 

/l - See National Science Foundation - /-1963b - 7. 
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619 65 253 250 51b 100 11 41 40b 8b 
42b 8 1957 27 1 300b 60 100 12 38 '956 721 90 

I 
Tabie 11-15 ~ 

NA : not avai lable 

a. Based on reports of  performers. 

b, Estimated by the National Sclence Foundation. No sector survey I n  year, 

C. Preliminary, 

Source: National Science Foundation. "Research Funds Used in the Nation's 
Sctent If tc Endeavor, 1963,t1-Reviews of Data on Science Resources, 
NSF 65-11, May, 1963, table 3a, p. 7. 
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large government owned laboratories (Federal contract research centers) w i t h  

huge budgets, Cooperatively managed f a c i l i t i e s  such as Brookhaven National 

Laboratory are important. These operations are not integrated i n t o  the uni- 

vers i ty 's  educational programs. 

A very large part  of the research w i t h i n  un ivers i t ies  i s  conducted by 

regular facu l ty  members, sometlmes organized i n  spectalized centers or i n s t i -  

tutes. Supported research allows un ivers i t ies  to support larger facu l t ies  and 

t o  cover more s c i e n t i f i c  specialt ies. Many regular facu l ty  members receive 

summer pay and released time during the year t o  conduct supported research. 

Government support has allowed the un ivers i t ies  o f  established reputation to 

expand t h e l i  farilitfes, fatuities, and graduate student support and has 

thereby contributed t o  the expansion o f  the supply of engineers and scientists. 

Nevertheless, un ivers i ty  performance of  supported research bas been cr i t ic ized.  

Many people bel ieve that  government research support has led t o  imbalance by 

/1 expanding the sciences and ignoring the humanities. - Others bel ieve that  

too much univers i ty  e f f o r t  has been diverted i n  R. & 0. a c t i v i t i e s  that  are 

only tangent ia l ly  re la ted t o  higher education. Among these c r i t i c s  are com- 

mercial research companies who f ind i n  un ivers i t ies  and indiv idual  professors 

subsidized competition. S t i l l  other c r i t i c s  bel ieve the Federal research 

support has Contributed t o  an unhealthy deemphasis of undergraduate education. 

1 1 1 .  Secular Growth of  Employment 

The number of  engineers and sc ient is ts  increased from 702,700 i n  1950 

t o  1,157,300 i n  1960, and t h i s  represented an average annual ra te  o f  growth o f  

5.1 percent a year. This growth occurred during a period o f  almost revolut ionary 

/1 See Orlans - r 1 9 6 2  - 7 f o r  a survey o f  facu l ty  opinions and discussion of t h i s  
point. 
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changes i n  employment patterns o f  sc ient is ts  and engineers. Research and 

development employment of sc ient is ts  and engineers grew from 151,000 i n  1950 

t o  387,000 i n  1960, and t h i s  was an average annual ra te o f  growth o f  9.9 per- 

cent a year. The proport ion of a l l  sc ien t i s t s  and engineers employed i n  

R. & D. increased f rom one- f i f th  i n  1950 t o  one-third i n  1960. Much of  t h i s  

grzwttr occurred as a result o f  m i l i t a r y  R. G D. spending. 

increase i n  space research came a f te r  1960. 

M o s t  o f  the recent 

Even so, one - f i f t h  o f  a l l  engineers 

and sc ient is ts  were In  the e l e c t r i c a l  and a f r c r a f t  industr ies i n  1960, and the 

proport ion has since increased. 

This section and the next deal w i t h  employment o f  engineers and chemists 

i n  w d e r  to continue the extensive sna!ysis o f  9ta17tc attd ~ t f g ~ s r  1-1957-7. 

L i t t l e  i s  los t  by t h i s  l imi ta t ion,  and no violence i s  done by the omission of 

- 

sc ien t i s t s  who are not chemists from our analysis except i n  the instance of  

un i ve rs i t i es  and colleges. About 90 percent of sc ien t i s t s  and engineers In 

pr ivate industry are e i ther  chemists or engineers. Most of the excluded 

sc ien t i s t s  are un ivers i ty  o r  college instructors and t h i s  occupation i s  analyzed 

i n  another paper. 

Why has the number of engineers and chemists grown from about 52,000 i n  

Engineers and chemists increased much more rap id ly  1900 t o  941,000 i n  19602 

than the labor lorce. The r a t i o  o f  engineers and chemists t o  t o t a l  employment 

(E. & C. ra t io )  increased from 0.18 percent i n  1900 t o  1.46 percent i n  1960. 

I am pr imar i ly  interested i n  the period since 1940, and fortunately the analysis 

o f  Blank and S t ig le r  adequately covers the period before 1950. - /1 They f i n d  

tha t  before 1940 the change i n  industry composition accounts f o r  about one-half 

I t  - 
- r1957'/ pp. 47-72. 

This and the fol lowing section owes a great debt t o  Blank and S t i g l e r  
Much o f  my analysis i s  an updating of t h e i r  work. 
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of the change i n  the national E. f C. ra t io ,  while changes i n  the industry 

They conclude that the increase 
/1 

E. & C. r a t i os  account f o r  the other hal f .  - 
In industry E. & C. ra t ios  i s  the resu l t  o f  : (1) decreasing r e l a t i v e  cost 

o f  engineers and chemists; (2) changing i ndus t r i a l  technology which requires 

d i f f e r e n t  proportions of technical manpower in  d i f f e r e n t  industries; and (3) 

the growth a f te r  1940 o f  the E. E C, r a t i o s  associated w i t h  R. & D. performance. 

The pattern of change i n  industry E. & C. r a t i os  i s  analyzed i n  d e t a i l  

i n  the next section: 

composition on the national E. & C. r a t i o  since 1940, 

here I examine the e f fec ts  o f  changes i n  indust r ia l  

Let t ing Et be t o t a l  

I 
m P 1 o P n t  i n  Year t, E t  be employment i n  industry f i n  year t, and Ct be 

employment of engineers and chemists i n  year t and Ct be employment o f  engineers 

and chemists i n  industry i i n  year t, we w f l l  have the t o t a l  change In the 

national E. E; C, r a t i o  as 

i 

and fol lowing Blank and S t i g l e r  we obta in  the change i n  the r a t i o  a t t r i bu tab le  

t o  change i n  industry cornpositton assuming industry E. & C. are constant a t  

t h e i r  1940 levels as 

/l - The E. & C. r a t i o  increased from 0.18 i n  1900 t o  0.68 i n  1940, o r  0.50 per- 
centage points. If industry €. & C. r a t i o s  had been constant a t  the average of  
t h e i r  1930, 1940, and 1950 values, the t o t a l  E. & C. r a t i o  would have been 
increased from 0.48 t o  0.76, o r  0.28 percentage points, thus change i n  industry 
composition accounts f o r  Q,28/0.50, or 56 percent o f  the change i n  the t o t a l  
E. & C. ra t io .  
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Hence, the proportion of the total change D attributable to change In industry 

cornposition i s  simply D /D - We compute the total effect of  change in 

industry canposition, and also identify the principle contributors, which are 

industries that grew as a proportion of total employment and also had large 

19M E. & C. ratios, A rapidly growing industry had little effect if it had 

a small E. & C. ratlo. 

50 
C / I  
50 50' 

The analysis for 1940 to 1950 shows that industry compcsition accounts for 

about 40 percent (or 0.16 percentage points) of the 0.40 percentage point change 

in the national E. & C. ratio from 1940 to 1950. There was an increase of about 

162,000 engineers and chemists attributable to changes in industry employment, 

The most important Industr?es \=cere C D S S ~ ~ U C ~ ! G ~ I ,  c!ectiiml equlpment, and 

the Federal government, which increased by 26,000, 19,000, and 37,000 respec- 

tively, assuming 1940 E. & C. ratios remained constant. 

account for about one-half of the increase in the number of englneers and chemists 

attributable to changes in industry composition. The E. & C. ratio would have 

been 0.82 if the 1940 industry E. & C. ratios had not changed, but the actual 

national E. & C. ratio was 1.06, showing that 0.24 percentage points attributable 

to increases in industry E. & C. ratios. 

is attributable to the increase in the Federal government E. & C. ratio, and 

0.02 percentage points each to construction, aircraft, drugs and miscellaneous * 

These three industries 

Of this change 0.05 percentage point 

/1  

by computing D' as follows: 
It is possible to measure the effect of change In industry ratios dlrectly - 

50 

(the interaction term) i s  not generally equal t o  zero. 
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chemcials combined, and communications. These f i v e  industr ies account f o r  about 

one-half o f  the increase i n  the nat ional  E. & C. r a t i o  a t t r i bu tab le  t o  increases 

i n  industry rat ios. 

A s i m i  a r  analysis f o r  the period 1950-1960 assuming 1950 industry E. & C. 

ra t ios  rema n unchanged shows that  the change i n  industry composition o f  t o t a l  

employment accounts f o r  36 percent o f  the change i n  the nat ional  E. & C. r a t i o  

from 1.06 i n  1950 t o  1.46 i n  1960. There was an increase o f  185,000 engineers 

a t t r i bu tab le  t o  the increases i n  industry employment, and the increases o f  

the most important i ndust r i es e lec t  r i ca 1 equ i pment--35,000, a i rc ra f  t--36,ooo, 

profess i ona 1 serv I ces-- 24,000, and nonferrous meta 1 s-- 17,000. 

industr ies accounted f o r  102,000 o r  55 percent o f  the increase i n  employment 

a t t r i bu tab le  t o  changes i n  composition. 

the increase i n  the nat ional  E. & C. r a t i o  a t t r i bu tab le  t o  the increase i n  

industry E. & C. ra t ios,  about th ree- f i f ths ,  o r  0.15 percentage point ,  was 

accounted f o r  by increases i n  the E. & C. ra t i os  o f  e l e c t r i c a l  equipment, a i r -  

c ra f t ,  professional equipment, o f f i c e  machinery, and nonferrous metals. About 

0.05 percentage point  was accounted f o r  by the increase i n  the r a t i o  o f  

e l e c t r i c a l  equipment alone. 

These four 

O f  the 0.25 percentage points o f  

The foregoing analysis shows that  much less than h a l f  o f  the increases 

i n  the national E. & C. r a t i o  from 1940 t o  1950 and from 1950 t o  1960 ar ises 

from d i f f e ren t i a l  industry growth, whi le  most of the change tn  the nat ional  

E. & C. r a t i o  fo r  the t w o  decades i s  a t t r i bu tab le  t o  changes i n  the E. & C. 

ra t i os  of a few industr ies. 
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I V .  Changes i n  Engineer and Chemist Ratios 

I t  was shown i n  the preceding section that changes i n  the industry ra t ios  

o f  engineers and chemists t o  t o t a l  employment (E. & C. ra t ios)  accounted for 

a major part  o f  the increase i n  the national E. & C. r a t i o  from 1950 t o  1960. 

Here we examine the changes in these rat ios. 

Industr ies d i f f e r  widely i n  proportions o f  t o t a l  employment composed o f  

engineers and chemists (Table 11-16). 

a i r c r a f t  (12.8 percent), professional equipment (7.8 percent), and miscel laneous 

chemicals (7.6 percent). I n  1950, a i r c r a f t  (9.3 percent) and miscellaneous 

I n  1960, the three largest ra t i os  were 

chemicals (7.1 percent) were i n  the top three, but the highest was radio and 

t e  1 ev i s ion comnuni cat ions ( 14.0 percent 1 .  
There does not appear t o  be a high degree o f  s t a b i l i t y  i n  the E. 6 C. 

r a t i o s  nor i s  there a uniform tendency toward increases i n  rat ios. From 1940 

t o  1950, 8 o f  the 42 comparable industry ra t i os  decreased and the rest  increased. 

From 1950 t o  1960, 20 of the 51 comparable industry group ra t ios  decreased. 

Whether a r a t i o  increases or decreases depends largely on industry character- 

i s t i c s  and cannot be readi ly  predicted s t a t i s t i c a l l y .  

I n  t h e i r  analysis o f  indust r ia l  patterns o f  use o f  sc ien t i s t s  and engi- 

neers, Blank and S t i g l e r  1-1957 - 7 der ive a regression equation for 39 minor 

/1 industry groups equivalent t o  - 
i 

Lo = -0.0058+ 1.435 
E i  

50 

/ 1  

the ra t i os  are both tabled and discussed i n  percentage form. 
Note that the r a t i o  equations are given i n  ra t io ,  not percentage form, while - 



* Table I I  - 16 
Chemists and Technical Engineers as Percent 
of Total Employment by Industry, 1940-60 

1. Mining, totai 
1, Coal mfning 

2. Petroleum and natural 
gas 

3, Metal mining 
4. Others, including 

quarries 

11. Construct ion 

111, Manufacturing 

try . 
(Durable goods)a 

a. Blast furnaces, 
steel works 

b, Other primary 
iron and steel 

C. Miscellaneous 
iron and steel 
products 

2. #on-ferrous metal 
industries 
a. Primary non-fer- 

rous products 
bo Niscellaneous 

non-ferrous 
products 

3. Not specified metal 

4, Machinery 

1. .Iron and steel Indus- 

industries 

a. Electrical ma- 
chinery and 
equipment 

1.493 
0.512 

3.127 
2.936 

1.338 

2,270 

3.082 

2.038 

2,096 

1.420 

3,101 

2,231 

2 a 4 7 5  

2.984 

1 ,415 

2,237 
3 ,936 

4.938 

2.481 
0.870 

3,781 
3.298 

i .6% 

2.487 

4-3 10 
5.102 

2,381 

2,432 

1 ,887 

2 . 630a 
4,668 

3,441 

5. 12ga 

5.664 

7.084 

2,933 
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Chemists and Technical Engineers as Percent of 
Total Employment by Industry, 1940-60, Cont. 

1940 
Industry 

2.182 b. Agricultural machinery 
e. Office and store ma- 

d e  Niscellaneous machin- 
ch i nery 

erY 

a. Aircraft 
b. Motor vehicles and 

C. Ships and boats 
d. Railroads and miscel- 

5 , Transpottat ion equipment 

equipment 

laneous ttansportat ion 
equ i pmen t 

6. Professional equipment 
and instruments 
a. Profess tonal equip. 
b. Photographic equip. 
C. Watches, clocks, time 

p i eces 

(Nondurable goods)a 
7. Food, drink, tobacco 
8. Chemical and allied 

products 
a. Synthetic fibers 
b. Paints, varnishes, etc. 
C. Drugs and medicines 
d. Miscellaneous 

chemical s 
9. Petroleum ard coal pro- 

a. Petroleum refining 
b. Miscellaneous petrol- 

eum and coal products 

ducts 

10. Rubber products 

3 0477 

1 -202 2,586 6.962 

2.652 
1 0593 
4.55 1 

3.620 
3.161 
9.261 

4.046 
6.111 
12.795 

1.168 
1 . 149 1.588 

1.970 

1.458 2.717 1.665 

1.976 
3,149 

4.010 
4.115 
5 . 856 

7.109 
7.823 
6.391 

0.633 1.837 

3,042 
0.884 

3 -032 
0.775 

4.805 
2.210 
6,100 
5.037 

6.702 
4.160 
6.043 
6.260 

6.914 
4.412 
4.714 
5.376 

7 . 639 
5 223 
5 ,487 

6.575 
6.917 

5.307 
5 -568 

3.190 
1.909 

3.322 
2 097 

3.006 
2 a492 
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Chemists and Technical Engineers as Percent of 
Total Employment by Industry, 1940-60, Cont. 

1940 
I ndus t ry 1950 1960 

Transportation, comunication 
and other public utilities 

1. Air transportation 
2. Rallroad express service 
3. Streetcars and buses 
4. Trucking and taxicab 
5. Warehouse and storage 
6. Water transportation 
7. Pipelines 
8. I nc i dental t ransporta t ion 

IV. Transportation 

services 

V. Communications 
1, Postal services 
2. Telephone 
3, Telegraph 
4. Radio and television 

VI, Utilities and sanitary ser- 
v 1 ces 
1. Electric light and power 
2. Gas supply 
3. Water supply 
4. Sanitary services 
5. Not specified utilities 

V I I .  Professional and related 
services 

Excluding education 

V I  I I . Education 
1. Government 
2, Private 

1 283 
.385 

1 *971 
.so0 
0445 . 020 . 387 . 178 
2.526 

. 597 
1 729 . 026 
2.646 

9.661 

4.352 
5.541 

2.546 

2.291 

1.214 

0.139 
NA 
NA 

1.407 
.bo7 
1.333 
0447 
,406 
.071 . 863 
.236 

4.896 

723 

2.150 
.033 
2.623 
1.102 
14.032 

4.058 
5 093 
2.406 
4.640 
1,106 
3 902 

1.525 
392 . 745 . 588 
0309 
070 
.450 . 244 
4.913 

336 

2.414 
,044 

3 . 728 
1,310 
7 . 356 
3 . 624 
4.813 
1.900 
3.781 
1.284 
3.514 

1.485 1.704 

. 373 0.297 . 322 0.244 
521 0.452 
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~- 

Chemists and Technical Engineers as Percent of 
Total Employment by Industry, 1940-60, Cont. 

1 ndus try 

I X .  Pub1 ic administration 

Excluding armed forces 2.449 2.684 2.837 
1. Federal government 3,802 3,643 4.337 
2, State government 1.972 2.024 1,217 
3. Local government 1.640 1 .555 

Subtotal above industries 1.581 2.130 2.684 

A1 1 other industriesb .122 -249 0,327 

Total all industries 

Excluding armed forces ,657 1.062 1 .455 

a. Not comparable to 1950. S e e  appendix Table I Notes, Contld. 

Source: Derived from Appendix Table I . 



-44- 
where C i i s  employment of chemists and engineers in industry i in 1950, E50 i is 

total employment in the same industry, and C 

This equation they report to explain 90 percent of the variance in the 1950 

50 
i i 
40 and EM are corresponding numbers. 

rat i os. 

Repeating and updating these calculations, for 1950 the following equation 

i s  obtained (with the standard error o f  the regression coefficient written 

beneath the coeff icient): 

1 c i  

E50 €40 

- ‘50 = 0.0006 + 1.288 40 
i ( .074)r 

r2 = 0.88 (4) 

No doubt t h e  difference In equat?ons resurt frm wr present pract ice cf 

including major industry groups whenever they were not subdivided into minor 

industry groups. 

The corresponding equation for 1960 is 

i 
2 r = 0.70 

- Cba = 0.0069 + 0.828 ‘50 
i 7- 

E -  
60 E60 

There are large differences between the 1950 and the 1960 equations. 

intercept i s  quite small in 1950 equation (4) but it is fairly large In the 

First, the 

1960 equation. 

unity in the 1950 equation, but smaller than unity in the 1960 equation. 

Second, the regression (or slope) coefficient Is greater than 

This 

suggests that the very large ratios in 1950 did not increase proportionately 

as much as the small ratios. The small intercept in the 1950 equation and the 

greater than unity .regression coefficient suggest that all ratios increased by 

about 30 percent from 1940 to 1950. The 1950 to 1960 pattern is one of “topping 
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out'l or 'katching up" I n  which most o f  the high r a t i o  industr ies grew l i t t l e ,  

/ I  
if a t  a l l .  - The t h i r d  important di f ference between the I950 and I960 

equations Is decline i n  the proportion o f  the t o t a l  variance i n  the ra t ios  

explained by the regressions. This means that  the re la t ionship o f  the ra t i os  

became much less stable over the 1950 to 1960 decade, and can no longer be 

considered as impressive as the 1940 t o  1950 relat ionship. 

To determine the reasons f o r  the change i n  the relat ionship, the residuals 

(actual r a t i o  less r a t i o  expected from the regression equation) are examined. 

The 1960 residuals were not a t  a l l  normally distr ibuted. - /2 Manufacturing and 

nonmanufacturing industr ies were sharply di f ferent lated: only 6 o f  the 23 

manufacturing industr ies had negatlve resfdualsi and en!y 5 o f  t h e  28 nani;- , 

f ac tur ing industr ies had pos i t ive residuals. Obviously combining manufacturing I 

and non-manufacturing industr ies i n  a s ingle equation resul ts  i n  a bad fit. 1 

The industr ies w i t h  residuals larger i n  absolute value than one standard 

e r r o r  are: 

E lec t r i ca l  equipment 

1960 E & C Ratio 

- Actua 1 Expected Res 1 dua 1 
0.071 0.048 0.023 

0.070 0.028 0.041 O f f  i ce machinery 

A i r c r a f t  0.128 0.084 0 . 044 i 
0.078 0.041 0.037 Profess i onc, 1 equ i pment 

Radio and te lev i s ion  0.074 0.123 -0.050 

I 
/ I  - 

I 

spread o f  the ra t i os  from I950 t o  1960 i s  seen i n  the coef f ic ients  o f  va r ia t i on  I 
o f  the r a t i o s  which increased from 0.89 i n  1%0 t o  0.93 i n  1950 and then f e l l  
t o  0.84 i n  1960. 

The spreading o f  the ra t ios  from I940 to 1950 and the contraction of the 
I 

/2 - 
tribut lon) .  
o f  estimate (16 are expected i n  a normal d is t r ibut lon) ,  and o f  these, 4 are lar- 
ger than t w o  standard errors (2 are expected i n  a normal d is t r ibut ion) .  

29 of the 51 residuals are negative (25 o r  26 are expected I n  a normal dio- l 

Only 5 residuals are larger i n  absolute value than one standard e r ro r  

I 
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The four w i t h  pos i t ive residuals have large 1960 rat ios,  while the one w i t h  

the negative residual experienced a large decrease from 1950 t o  1960 i n  a 

E. & C. r a t i o  that  was very large i n  1950. The sum o f  squared residuals o f  

these f i v e  industr ies account for s l i g h t l y  more than f o u r - f i f t h s  o f  the t o t a l  

sum o f  squared residuals not explained by the regression. I n  other words, i f  

these residuals could be perfect?y accounted for, the proportion o f  t o t a l  

variance explained would increase from 0.70 t o  0.96. 

The large negative residual o f  radio and te lev is ion i s  explained by the 

industry maturation o f  the industry over the decade. 

E. & C. r a t i o  grew rapid ly  (the industry had a large pos i t ive residual from 

the 1950 regression). 

o f  t e lev i s ion  during the l a t e  1940's. 

the industry was accounted for by the newness and complexity o f  t e lev i s ion  

equipment. 

the need f o r  technical engineers decreased. 

From 1940 t o  1950 the 

This growth wzs the result of the commercial exp lo i t a t i on  

The large proportion o f  engineers i n  

With growing f a m i l i a r i t y  and technical s t a b i l i t y  i n  the industry, 

The industr ies with large posi t ive residuals a l l  had large 1950 & &  C. 

r a t i o s  and these ra t ios  grew markedly between 1950 and 1960. 

industr ies i n  which a very large f ract ion o f  the Nation's R. & 0. performance 

i s  concentrated. They show posi t ive residuals because these industr ies had 

growing E. & C. r a t i os  that  were already large i n  1950, whi le the average r a t i o  

growth was qui te  small (from 0.29 i n  1950 t o  0.031 i n  1960, or  an average 

growth of 6.4 percent over the decade). 

computers), the R. & D. e f for t  i n  these industr ies constst5 largely o f  m i l i t a r y  

and space applications. 

They are 

Except f o r  o f f i c e  machinery ( d i g i t a l  
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The importance o f  R. 4 D. performance i n  explaining the pos i t ive residuals 

o f  manufacturing industr ies i n  1960 i s  obvious. Host indus t r ia l  R. & D. i s  

performed by manufacturing f i rms.  The manufacturing industr ies w i t h  negative 

residuals i n  1960 were ra i l r oad  equipment; food, drink, and tobacco; paints and 

varnishes; drugs; petroleum refining; and miscellaneous petroleum and coal pro- 

ducts- A l l  of these had f a i r l y  large €. G C. r a t i os  i n  1850, biit there was no 

large Federal R. & 0. support i n  any of these industr ies during the 1950's. 

onal ly fas t  during the 1950's. and neither R. & D. or E. G C. rat ios grew except 

The nonmanufacturing industr ies w i t h  pos i t ive res 

t ion,  metal mining, pipelines, telephone, and the 

Federal government Is a large R, & D. performer, 

duals were petroleum extrac- 

Federa 1 government. The 

w h i l e  the other industr ies 

are technological ly progressive industries i n  which output has been growing 

whi le t o t a l  employment has grown much less rap id ly  o r  even decreased over the 

period. 

The residuals from the I950 regression show a d i f f e r e n t  pattern, although 

/ I  First ,  the residuals are approximately normal. - there are some s im i la r i t i es .  

Only 6 o f  the 20 manufacturing industries had negative residuals while 6 o f  22 

nonmanufacturlng had pos i t ive residuals. The excepttonally large pos i t ive 

residual was a i r c r a f t ,  and the exceptionally large negative residual was e l e c t r i c  

l i g h t  and power. 

I t was possible t o  match 39 industr ies f o r  I960 and 1950 residuals, O f  

these matched residuals, only IO had d i f f e r e n t  signs. 

we would expect 19 or  20 matched signs. O f  the four I960 industr ies w i t h  

I f  the signs were random, 

/1  - 
1 1  residuals were larger than one standard error  ( I3  are expected); and 2 
residuals were larger than two standard errors (as expected). 

O f  the 42 residuals, 22 were negative (21 negative residuals are expected); 
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exceptional ly large pos i t ive residuals, three had pos i t ive residuals i n  1950. 

Most industr ies had the same sign t o  residuals i n  1950 and 1960. The persistence 

of pos i t ive residuals for manufacturing i n  1950 and 1960 supports the association 

of pos i t ive residuals and the performance o f  R. & 0. reported by Blank and 

S t i g l e r  for 1950. 

The prii icfpie  causes of  departures from the average re la t ionship f o r  1960 

I n  E. t C. ra t i os  appear to be R. & 0. performance and technical maturity. The 

growth of R. C 0. performance was traced i n  d e t a i l  above, but technical matur i ty 

i s  discussed b r i e f l y  here. 

h igh proportion o f  technical manpower during a period o f  rapid growth. but 

with the levefing o f f  o f  t o t a l  employment that  resul ts from the slowing down 

of growth of output that comes w i t h  indust r ia l  maturi ty, the experienced but 

untrained labor force may be able t o  take on more and more of the functions 

once performed by t ra ined engineers and technicians. This t r a n s i t i o n  may occur 

w i t h  no reduction i n  the ra te  o f  product iv i ty change and technologlcal advance. 

I bel ieve that e l e c t r i c  l i g h t  and power, gas supply, radio and television, and 

some o f  the chemical industr ies are examples o f  technical ly mature industries. 

I th ink a s imi lar  pattern would be observed i n  many manufacturing industires 

f o r  non-R. & 0. engineers. The reduction i n  E. & C. r a t i o s  that  has occurted 

i n  many industr ies i s  not a t t r i bu tab le  exclusively t o  the opportunity provided 

by technical maturity. The opportunity has been taken up because the r e l a t i v e  

costs o f  enginiers and sc ien t i s t s  have been r i s i n g  r e l a t i v e  t o  most other 

i ndus t r i a l  occupations, and because engineers are hard t o  hire,  especial ly f o r  

jobs that do not require high level technical competence. 

An industry w i t h  complex technology may require a 
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V. Research and Development Engineers and Scient ists 

I n  the three preceding sections it was shown that  most o f  the increase i n  

the r a t i o  o f  engineers and chemists t o  t o t a l  employment (E. 4 C. ra t io )  over 

the period 1940-1960 resulted from increases i n  employment and E. & C. r a t i os  

i n  manufacturing, especial ly durable goods manufacturing. These increases were 

traced to growth o f  R. 4 D. spending by the Federal government and by industry. 

I n  t h i s  section we examine the growth o f  R. & D. engineering and s c i e n t i f i c  

employment d i rec t l y ;  examining i n  turn: (1) changes i n  the d i s t r i b u t i o n  o f  

primary functions of engineers and scient ists;  (2) industry employment by fun- 

ct ion; and (3) the growth o f  R. & 0. employment by industry and i t s  re la t i on  

t o  the growth o f  R. 4 D. spending. 

Functions o f  Engineers and Scient ists 

The number o f  engineers and sc ient is ts  i n  R. & 0. has grown steadi ly  since 

I941 (Table 11-17). 

i n  R. & D., whi le i n  1960 the proportion was one-third. Despite the rapid 

I n  1950 only one- f i f th  o f  engineers and sc ien t i s t s  were 

growth o f  R. 4 D. employment, the r a t i o  o f  non-R. 4 D. engineers and sc ien t i s t s  

t o  t o t a l  employment has increased considerably since 1950 (Table 1 I- 18). 

able estimates o f  engineering and s c i e n t i f i c  functions show r e l a t i v e l y  large 

Avai 1- 

proportions o f  engineers engaged i n  administration, sales, and production. 

EPM's have large proportions i n  R. & D. functions and smaller proportions i n  

production (Table 11-19). The proportions o f  engineers and sc ien t i s t s  i n  

industry working i n  R. & D. varies considerably among s c i e n t i f i c  occupations. 

I n  the ea r l y  1960's about one-third o f  engineers were i n  R. & D.. but more 

than h a l f  each o f  the mathematicians and o f  the physical sc ien t i s t s  were i n  

R. & D. These proport ions represent considerable increases i n  proport ions over 

e a r l i e r  periods. 
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Year 

1941 
1942 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

1950 
1951 
1952 

1954 

1957 
1958 
1959 

1960 
I961 
1962 
1963 
1964 
1965 

- Tota 1 

87,000 
90,000 
97,000 

1 1  1,000 

119,000 
122,000 
125,000 
133,000 
144,000 

15 1,000 
158,000 
180,000 

223 , 200a 

- 

NA 
327, 100a 

387,000a 
NA 
NA 
NA 
NA 
NA 

Table tl-17 

Employment of R. & D. Sclentists and Engineers 

Federa 1 
Governmente 

17,000 
18,000 
2 1,000 
27,000 

29,000 
28,000 
25,000 
25,000 
26,000 

25 # 000 
28,000 
33,000 

29 9 5Wa 

NA 
40,200; 
40,4365 

45 ,903b 
50,843b 

41 ,800a 

NA 
NA 
NA 

I ndus t ry 

62,000 
64,000 
67,000 
72,000 

76,000 
80,000 
84,000 
go ,000 
94,000 

100,000 
104,000 
ll8,Ooo 

164,lOOa 

229,400' 
243 800a 
268,40OC 

292, OOOa 
3 12, looc 
3 12,100' 
327,300c 

346,300C 
347,500c 

Other 
Nonprof 1 t Colleges and 
lnstftutlons Universltles 

8,000 
8,000 
9,000 
12,000 

14,000 
14,000 
16,000 

24,000 
18,000 

26,000 
26,000 
29 8 000 

NA NA 
5 s 400a 42 ,OOOa 

MA NA 

7, OOOa 52 ,OOOa 

NA NA 
NA NA 
NA NA 
NA NA 

NA 49 8 3md 

Source for 1941.52: 
Research and Development, 1953, p. 12. 

U.S. Department of Defense, The Growth of Scientific 

a, Fulltime equivalent, National Sclence Fwndatlon, Reviews of Data on 
Research & Development, No. 33, April, 1962, Table 6, p. 6. 

b. Estimated as of October in National Science Foundation, Scientific and 
Technical Personnel in the Federal Government, 1962. Relates to workers 
primarily engaged in R. & D. and is not fully comparable to estimates for 
other years. 

C. Fulltime equivalent. National Science Foundatlon, Reviews of Data on 
Science Resources, no. 7, January, 1966, 

d. 
in Colleges and Universlties, 1961. 

Fulltlme equivalent. National Sclence Foundatlon, Scientlsts and Engineers 

e. Government for 1952 and before. 



Table 11-18 

Scientists and Engineers in R. & 0. and Other 
Functions, 1950 and 1960 

Engineers and Scientists 
R.6D. 
as Engineers and Scientists as 

% of 
R.6 D. NonR.&D. Total Total NonR.&O. 

Percent of Total Employmentd 
R.&D. 

a - - - - Y e a r  Total - - 

a. 

b. 

C. 

Estimated by Bureau of Labor Statistics. 

Estimated by Department of Defense (see Table 11-17). 

Estimated by National Science Foundation (see Table 11-17). 

d. For total employment see Appendix Table la. 
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Table t l -19 

Tota 1 - 
Total 

R.  f D .  

Ma nagemen t and 
Admi n I s t r a  t ion 
R O W ) .  

Other 

Technical Sales 
and Service 

Production and 
Operat ions 

All Other 

Functions of Engineers and Scient ists 
i n  Industry, 1962 

A1 1 
Scientists 
Enq 1 neers Eng I neers Chemi s t s  Phys I c i s t s  Ma themat I c i ans 

100.0 100.0 100.0 100.0 100.0 

30.1 27.2 47.4 72.1 48.4 

5.5 5.1 8.3 12.6 4*4 
12.6 13.6 7.1 2 -8 80 8 

10.9 10.9 9.5 3.0 10.3 

34.3 36.9 24.6 7.0 19.0 

60 5 6. 3 3.0 2.4 9.0 

Source: Bureau of Labor Stat ist ics,  Employment of S c i e n t i f i c  and Technical 
Personnel i n  Industry, 1962, Bu l l e t i n  1418, 1964, Table A-10, pp. 34-35 and 
A-20, p. 51. 

. 



- 53- 
industry Employment by Function 

The proportion of engineers and sc ien t i s t s  working i n  R. & D. varies con- 

Research and development a c t i v i t i e s  siderably among industr ies (Table 11-20). 

Inherently demand engineering and s c i e n t i f i c  services. 

R. 8 D. as any a c t i v i t y  that employs large proportions o f  engineers and scien- 

t i s t s  f o r  purposes other than administration or  teaching. Industr ies w i t h  large 

r a t i o s  o f  engineers and sc ient is ts  t o  t o t a l  employment (E. & S. ra t ios)  also 

have large proportions o f  t h e i r  engineers and sc ient ls ts  engaged i n  R. & Do 

(R. & D. proportions). 

having large E. & S. rat ios. When the E. & S. r a t i o  i s  s p l i t  between a R. & D. 

E. & S. r a t i o  and a non-R. & D. rat io,  there i s  a strong pos i t ive re la t ionship 

between the two rat ios. This i s  because manufacturing industr ies account f o r  

w s t  i ndus t r i a l  R. & Do performance and a lso have always had large E. Q S. 

rat ios.  R. & D. i s  concentrated i n  a i r c r a f t ,  e l e c t r i c a l  equipment, chemicals, 

and professional equipment, industries w i t h  technologies that  employed many 

engineers and sc ient is ts  for  production and tes t  purposes even before formal 

R. & D. became important. 

Indeed, one might def ine 

In other words, R. & D. i s  a major reason f o r  industr ies 

Growth o f  Re & D. Employment by Industry 

The ra te  o f  growth o f  R. 6 0. employment over the period 1957 t o  1964 

Is not highly correlated w i t h  the ra te  o f  growth o f  R. 6 D. spending (Table 11-21). 

Departures from the expected relat ionship are best discussed i n  terms o f  R. & D. 

performance cost per R. & D. sc ien t i s t  and engineer (cost per researcher). 

r i s e  i n  cost per researcher occurs i f  spending increases faster  than employment 

o f  R. f D. engineers and scientists. 

1957-1964 were primary metal industries, drugs, Ibther"  chemicals, and op t i ca l  

A 

The most rapid increases during the period 



Table 11-20 

Percent of Engineers and Scientists In R.M. and 
Ratios of R.&D. and Non-R.6Q. Engineers and 

Scientists to Total Employment, 1962 

Ratio of Engineers 6 Scientists 

I ndus t ry 

All nonagricultura? 
1 ndus tr I =sa 

Minlng 
Construction 
Mnufactur insa 
Ordnance 
Text 1 les 
Lumber and wood 
Paper 
Chemical & AI 1 led Productsa 

I ndust r la 1 cheml ca Is 
Drugs 

Petroleum 
Rubber 
Stone, Clay, b Glass 
Pr fmary k t a  Isa 

Fabricated Hetals 
Mach i ne rya 
Off 1 ce machi nery 

Electrical Equipment 
C o m n  I cat ions equ I pnent 
Electronics equipnent 

Transportation Equipment 
A 1 rcraf t 

Profess lona 1 and Scient I f 1 c 
~nstruments~ 

Blast furnace products 

to Total Employment 
% of Ensineers & . 

Scientist; in R.&D.’ Toga1 R. 6 D . ~  NonR. Q D. 
‘ 

35.7 

9.6 
1.5 
43.3 
50.3 
51.3 
16.0 
23.2 
31.5 
37.7 
39.4 
18.7 
36.9 
32.6 
19.5 
18.8 
24.8 
38.3 
63.8 
52.6 
59.7 
41.7 
54.6 
6 0 0  2 

49.2 

3.0 

1.9 
2.5 
3.8 
18.3 
0.8 
0.5 
2.0 
10.2 
11.3 
16.9 
9.7 
2.0 
1.9 
2.6 
2.2 
2.2 
4.6 
9.5 
7.8 

7.0 
12.3 

6.8 
12.4 

8.6 
Eng’g 6 scleatific instruments 45.2 17.7 

Transportation, Coomunlcations, 6 
Public Utllitles 4.8 1.4 
Englneerlng b Archi tectura? Servlces 18.5 6.4 
Commercial Laboratories & Business 
and Ebnagement Consulting 59.2 5.6 

1.1 1 09 

0.2 1.7 
000 2.5 
1.7 2.1 
9.2 9.1 

0.1 0.4 
0.5 1.5 

0.4 004 

3.2 
4.3 
6. 7 
1.8 
0.7 
0.6 
0.5 
0.4 
0-5 
1.8 
6.1 
4.1 
7.3 
2.9 
3.7 
7.5 

7.0 
7.0 
10.2 
6.9 
1.3 
1.3 
2.1 
I .8 
1 e 7  
2.8 
3.4 
3.7 
5.0 
4.1 
3.1 
4.9 

4.2 4.4 
8.0 9.7 

0.1 1.3 
1.2 5.2 

3.3 2.2 

a. Includes industries not included in detail. 
b. Includes research and development and management of research and development. 

Source: Derived from Bureau of Labor Statistics, Employment of Scientific and 
Technical Personnel in industry, 1962, Bulletin 1418, Washington, U.S. Govern- 
ment Printing Office, June, 1964. 
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Table 11-21 

Percentage Changes in R.& 0. Spending, R.& 0. Scientist 
and Engineer Employment, and Performance Cost Per 

R.& D. Scientfst and Engineer, 1957-1964 

1957-1964 36 Change 
R. C D. Performance Cost Per R,M). 
Scientist 8 Scientist and Engineer 

R, S D. Engineer % Change 
I ndus t rr Spending Employme nt I957 1964 1957-1964 - 

Tota 1 73 42 $32,675 $38,492 I8 

Food 82 17 17,209 25,000 45 

Text 1 les 

Lumber 

113 50 20,000 27,862 39 

-21 -38 17,500 22,000 26 

Paper 52 53 2 1,875 28,077 28 

Industrial 

Drugs 

70 39 27.337 33,968 24 

126 49 21,224 31,757 50 

Other Chemicals 97 1 14,203 25,229 78 

Pet ro leum 48 20 29,510 38,295 30 

Rubber 40 19 22,766 26,316 16 

Primary Ferrous Meta Is 77 0 2 1,695 38,966 80 

Primary Nonferrous Metals 77 45 20,000 34,666 73 

Fabricated htals 37 - 18 16,168 22,857 41 

Mach i nery 49 19 25,583 3 1,975 25 

Communications & Electrontcs 97 91 36,648 34,988 -3 

Other Electrical Equipment 9 26 42,840 35,183 - 12 
Motor Vehicles & Other Trans. 69 65 24,720 35,399 43 

Aircraft and Hisslles 96 73 43,887 49,853 14 

Scientific Instruments 51 37 22,602 22,950 2 

Optical and Surgical Instru. 148 69 24,719 37,397 51 
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instruments. 

(see Table 11-7 above). 

R. & D. spending i n  each o f  these industr ies was largely  pr ivate 

The smallest increases i n  cost per researcher were 

comnunl cat ions , "other" e lec t r  i cal equ 1 pment , scient I f i c  i nstruments , and 

a i r c r a f t ,  a l l  o f  which were industr ies i n  which Federal R. E D. spending was 

a large proportion of R. & D. spending. One obvious explanation for t h i s  

re la t ionship i s  that  f i rms spending t h e l r  own money have subst i tuted other 

factors f o r  engineers and sc ient is ts  as the prices o f  engineers and sc ien t is ts  

have r i sen  re la t i ve  t o  other wages and prices, whi le firms spending the Federal 

government's money have been less ready t o  make t h i s  substi tut ion. This 

explanation would be supported by r e l a t i v e l y  large ra t ios  o f  R. & 0.  technicians 

io R. & 3. engineers i n  "private R. & D." industries. There Is no evidence 

The lower 
/1  

o f  th is ,  but of  course technology var ies between industries. - 
rate  of  increase o f  cost per researcher i n  "Federal R. & D." industr ies might 

be merely nominal, but there i s  no evidence that these industr ies grant the 
/2 

t i t l e  I'engineer" t o  technicians more read i l y  than "private R. & D." industries.- 

This pattern o f  re la t ionship supports the frequently heard c r i t i c isms of 

the Federal government and i t s  contractors as wasteful i n  t h e i r  u t i l i z a t i o n  of 

engineers and scient ists.  Increased government spending i n  the major "Federal 

R. & D." Industr ies has led t o  an even more rap id g r w t h  of employment of  

R. & 0. engineers and sc ien t is ts  despite the r i s e  o f  engineering and s c i e n t i f i c  

salar ies r e l a t i v e  t o  most other wages and prices. It i s  possible that  charac- 

t e r i s t i c s  o f  Federai R. & D. a c t i v i t i e s  may have changed enough to  account for 

.. - This lack of re la t ionship i s  seen i n  the R. & D. technician/R. & D. engineer 

The industry proportions o f  graduate engineers t o  a l l  engineers as o f  Decem- 

Graduate proportions can be ger ived from Englneering Manpower Commission 

and sc ien t i s t  ra t ios  i n  Bureau o f  Labor S ta t i s t i cs  1-1963-7 Table 9, p. 24. 
/2 
ber 31, 1962 are not related to industr ies w i th  large cost per researcher increa- 
ses. 
o f  Engineers Joint Council - r1959 - /, Appendix Tables I - I V .  

- 



an increase i n  the proportion o f  

scient ists.  The s h i f t  t o  manned 

r e l i a b i l i t y  and modifications i n  

change i n  requirements, but t h i s  
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the R. & D. do l l a r  spent on engineers and 

spacefl ight and e f f o r t s  t o  obtain increased 

ex i s t i ng  weapon systems may account,for the 

does not seem l ike ly .  Space research has a 

high performance cost per R. f D. s c i e n t i s t  and engineer. 

accounted f o r  about one-slxth o f  R. Q D. spending but only one-f i f teenth o f  

a l l  R. Ec D. sc ient is ts  and engineers (Table 11-22), 

I n  1963, NASA 

One o f  the major factors i n  changing industry composition o f  R. & D. 

employment i s  the Nation's space program. 

of  the Nation's space spending, and the Department o f  Defense and the Atomic 

Energy Commission f o r  most of the restc 

spending has increased from 3 percent i n  1960 t o  more than I S  percent i n  1963. 

This proportion a lso rose i n  1964, but i t  has probably peaked and w i l l  decl ine 

a f t e r  f i s c a l  year 1965 as a proportion o f  t o t a l  R. & D. spending. 

o f  employment o f  engineers and sc ient is ts  i n  NASA programs f rom 1 percent o f  

a l l  engineers and sc ien t i s t s  in  1960 t o  5 percent o f  the t o t a l  i n  1964 led 

t o  major differences i n  industry R. & D. employment. Ful l t ime equivalent R. & D. 

sc ien t i s t s  and engineers increased by one-half i n  a i r c r a f t  from January 1, 1960 

t o  January 1, 1964 (from 74.2 thousand t o  108.9 thousand) while t o t a l  R. & D. 
/1 

f u l l t ime  equiva:snt employment increased only 11 percent. - 

NASA accounts f o r  about three-fourths 

?14SA's proport ion o f  t o t a l  R. & D. 

The growth 

/1  - 
National Science Foundation 11966-7, Table 5. 
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Table 11-22 

Employment of Engineers and Scient ists and 
NASA Engineers and Scientists, 1960-64 

(number i n  thousands) 

Engineers and Scientists Engineers and NASA Program Eng- NASA R.U). 
In NASA Programs Scientists i n  ineers and Sclent- Spending as % 

con- T o t a r  United States i s t s  as % o f  Total o f  Totai R.M). 
Jan. 1 Total NASA tractoraR.GD.b Total R.&Dd Total R. &r 0. Spend t nge - -- -111-p 

1960 8.4 3.4 5.0 7.5 1,185 420 0. 7 1.8 3.2 

1961 14.7 5.2 9.5 13.0 1,260 460 1.2 2.8 5.4 

1962 22.0 6.3 15.7 18.8 1,340 495 1.6 3.8 8. S 

1963 43.5 9*2 34-3 35.7 1,415 530 3.1 6.7 15.6 

1964 73.7 11.5 62.2 60.0 1,497 570 4.9 10.5 NA 

a. Estimated by NASA from a sample o f  contractors. 

b. Estimated by NASA by applying percentages o f  R. f D. sc ien t i s t s  and engineers 

t o  estimates of a l l  engineers and sc ien t i s t s  i n  s i x  end use categories. 

c. For 1960-63 estimates for employment i n  U.S. Department of Labor, The Manpower 

Report o f  the President, 1963, pp. 100 and 125. 1964 derived by in terpolat ion 

between 1960 and 1970 estimated requirements of  1,955,000. 

d. Derived by NASA by interpolat ing l i n e a r l y  between 36.6 percent i n  1960 and 

42.0 percent i n  1970 and applying resu l t i ng  percentages t o  estimated t o t a l  

employment of engineers and scient ists.  The I960 and 1970 percentages are 

derived from Bureau o f  Labor Stat is t ics ,  Scientists, Engineers, and Technicians 

i n  the 1g6O1s--Requirements and Supply, National Science Foundation, 1964. 

e. NASA expenditures from Table 11-8. Total R. & D. estimates based on the 

"hyphenated year" concept i n  National Science Foundation, Reviews o f  Data 

on Research C Development, No. 41, September, 1963. 

Source: 
and Recruitment of, Scient ists and Engineers, National Aeronautics and Space Admin- 
i s t ra t i on .  (Draft), January 31 1964. 

A l len 0. Gamble and C. Guy Ferguson, An Analysis o f  the Requirements for, 
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V I .  Demand for Occupational Specialt ies 

Up to  t h i s  point  I have treated the demand for englneers, physlcal scien- 

t i s t s ,  and mathematicians (EPM'S) as i f  i t  were homogeneous. 

w i l l  be relaxed f o r  the rest  of the analysis. 

concerns i s  the process by which the demands for and supplies o f  EPH specia l t ies 

a te  meshed. 

special izat ion i n  EPM special t ies and t o  lay the ground work f o r  a more deta i led 

analysis o f  labor market adjustment (preliminary treatment o f  which i s  given 

i n  Folk 1195ab - 7). 
physic ists has been a r e s u l t  of  the  growth o f  R. & D. 

St!gler 1-!957-? report that  only 1,510 mathematicians o f  7D359 t o t a l  and only 

6,930 physicists out of 11,520 t o t a l  were employed i n  jobs other than col lege 

and univers i ty  instructor. 

showed that 14 thousand physicists and IS thousand mathematicians were employed 

(Table 11-23), a major i ty  o f  whom were i n  R. d D, Industry special izat ion I n  

the employment o f  EPM's depends natura l ly  on the importance of  R. E D. in  the 

various industries. The pattern of  growth i n  R. E D. w i l l  e f f e c t  the industry 

proportions o f  the EPM specialt ies. 

This assumption 

Indeed, one o f  our p r i nc ipa l  

The purpose of  t h i s  section i s  t o  describe the pattern o f  industry 

The rapid growth o f  employment o f  mathematicians and 

tn 1950 Blank and 

By 1962, a survey of pr ivate Industry employment 

Currently sc ien t i s t s  a re  i n d u s t r i a l l y  specialized. About one-third of 

a l l  sc ien t i s t s  and almost one-half o f  chemists i n  pr ivate industry are employed 

I n  chemicals and a l l i e d  products. 

i n  e l e c t r i c a l  equipment, 

t i v e l y  i n  the metal industr ies and i n  petroleum r e f i n i n g  and extraction. 

three-tenths o f  a l l  sc ien t i s t s  and engineers are employed i n  ordnance, e l e c t r l c a l  

equipment, and a i r c r a f t  and parts combined, which are the industr ies pr imar i ly  

concerned w i t h  m i l i t a r y  and space R. f D. 

About one-fourth o f  a l l  physic ists are employed 

Metal lurgists and geologists are concentrated respec- 

About 
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The academic engineering specialt ies correspond t o  indus t r ia l  specialt ies. 

For instance, the student chemical engineer studies the technology o f  the 

chemical and o i l  r e f i n ing  industries, while the e l e c t r i c a l  engineering student 

learns the technology o f  electronics, communications, or  power, depending on 

h i s  option. 

corresponding indus t r ia l  specialty. For instance, not a l l  graduates i n  

e l e c t r i c a l  engineering become e lec t r i ca l  engineers. Moreover, not a l l  engineers 

i n  an indus t r ia l  special ty work i n  the corresponding industry. That i s  t o  say 

not a l l  e l e c t r i c a l  engineers work i n  the electronics, communications, o r  power 

industries. 

Not a l l  engineers i n  a pa r t i cu la r  academic special ty enter the 

The flow f rom academic to  indust r ia l  special ty examined elsewhere (see 

Folk - /-l96Sd - 7). 
industry and the change i n  t h i s  relat ionship i s  examined. 

said t o  be h igh ly  specialized -- i n  i t s  demand - f o r  engineers i f  a large proport ion 

o f  i t s  engineers are i n  one specialty. 

communications industr ies are highly specialized i n  t h e i r  demand. 

84 percent o f  the engineers i n  construction were c i v i l  engineers and 88 percent 

o f  the engineers i n  communications were e l e c t r i c a l  engineers (Table 11-24]. 

An indus t r i a l  special ty w i l l  be said t o  be h igh ly  spec i f i c  -- t o  an industry if 

Here the relat ionship between indus t r ia l  special ty and 

An industry w i l l  be 

In t h i s  sense the construction and 

In  1960, 

a large proport ion o f  the engineers i n  the special ty are employed i n  the 

industry. 

83 percent o f  aeronautical engineers were employed i n  a i r c r a f t  and parts and 

66 percent o f  mining engineers were employed i n  mining. 

Thus i n  1960, aeronautical and mining engineering were h igh ly  specific: 

There i s  no strong relat ionship between changes i n  industry specia l izat ion 

and changes i n  indus t r ia l  s p e c i f i c i t y  i n  the period 1950 t o  1960. Some 
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Table 11-24 

Industry and Indust r ia l  Specialty o f  Engineers I950 and 1960 

I ndust r y  

A i r c r a f t  and Parts 

Chemical and A l l i e d  

b c h l n e r y  
(exc. e lec t r i ca l )  

E lec t r i ca l  Machinery 

Primary Metals 

Fabricated Metals 

Petroleum and Coal 
Products 

Transportat i on 
Equ i pment 

(except a i  r c r a f t )  

Construction 

Mining 

Commun i cat  ions 

Trans por t a  t ion 

U t i  1 i t  Ies 

Government 

% of Engineers i n  % o f  Engineers 
Industry w i t h  in hdustt la l  

I ndus t ry  Specialty 
Spec i a 1 t y i n  Industry 

I ndust r l a  1 
Spec i a 1 t y  

aeronaut i ca 1 

chemi ca 1 

mechan i ca 1 

e 1 ect r i ca 1 

meta!!urg!ca! 

mechan I ca 1 

chem I ca 1 

Hechan i ca 1 

c i v i  1 

mining 

e 1 ect r I ca 1 

c i v i  1 

e l  ec t t  i ca 1 

c i v i  1 

1950 

57.1 

52.2 

- 

50.0 

59.9 

23.7 

34.9 

30.9 

45.2 

76.5 

49.6 

80.4 

39.0 

53.7 

43.9 

1960 

51.5 

53.0 

46.0 

57.9 

32.6 

34.5 

40.5 

- 

52.3 

83.9 

55.1 

87.8 

37.0 

49.2 

33.2 

1950 

75.9 

34.9 

- 

19.6 

21.1 

48.9 

5.4 

14.0 

7-5 

48.4 

54.1 

12.3 

3.7 

15.5 

17.9 

rgdo - 
83.0 

42.5 

19.3 

32.7 

46.3 

11.2 

11.7 

9.2 

49.1 

66.1 

15.8 

2.5 

8.4 

14.9 

Source: Appendix Tables 11-2 and 11-3. 
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industr ies became less specialized whi le the corresponding special t ies became 

more speci f ic .  

machinery. Both o f  these industr ies had large increases i n  engineering employ- 

ment, and both of the corresponding specia l t ies were i n  very short supply 

during the period 1950 t o  1960. 

the eorrerpnbing industrial special t ies and became less speci f ic .  This was 

t rue  o f  petroleum and coal products and primary metals, industr ies i n  which 

engineering employment grew slowly or  decreased. Industr ies that  grew more 

special ized whi le the Corresponding indus t r ia l  special t ies grew more spec i f i c  

were chemical and a l l i e d  products, construction, mining, comnunications, and 

t r a n s p ~ r t a t i o n  eqrripment. 

average increase i n  engineering employment. The f i r s t  three industr ies were 

special ized i n  special t ies that  had re la t i ve l y  p l e n t i f u l  supplies during the 

decade. The other industr ies showed both decreases i n  specia l izat ion and 

decreased spec i f i c i t y  i n  the corresponding engineering specialt ies. 

This was the case w i th  a i r c r a f t  and parts and e lec t r i ca l  

Other industr ies became more special ized whlle 

O f  there, m l y  e ~ m i i u n i c a t l s n s  had a higher than 

While the re la t ionship between industry and indus t r ia l  special ty i s  not 

strong, i t  does not contradict the pattern o f  r e l a t i v e l y  extreme shortages 

o f  e l e c t r i c a l  and aeronautical engineers deduceable f rom j o b  vacancy and 

s ta r t i ng  salary data (see Folk - /-196Sb-7). 
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APPENDIX TABLE I a 

Total Employment, by Industry, 1940-60 
Tote C 

Total Employ- Employment 
Industry ment 1940 1950 

1 .  Mining, Total 907 520 928.260- 
1. Coal mining 523 s 680 510,180. 
2. Petroleum and natural gas 181,860 233 , 160 
3. Metal mining 116,340 92 , 970 
4. Others, including quarries 85,640 91,950 

I I .  Construction 2 ,094,220 3,398,040- 

I I I .  k n u f a c t u r i  ng*a 
(Durable goods) 
1. Jron and steel  industry 

a. Blast furnaces, steel  works 
b. Other primary i ron  and steel  
c. Miscellaneous i ron and steel  

products 
2. bii-ferrsus metai Industries 

a. Primary non-ferrous products 
b. Miscel laneous non-ferrous 

products 
3. Not specif ied metal industries 
4. Machinery 

a. E lect r ica l  machinery and 

b. Agr icu l tura l  machinery 
C. Off ice and store machinery 
d. Miscellaneous machinery 

5. Transportation equipment 
a. A i r c ra f t  
b. Motor vehicles and equipment 
c. Ships and boats 
d. Railroads and miscellaneous 

transportat ion equipment 

equ i p e n t  

6. Professional equipment and 
instrunlents 
a. Professional equipment 
b. Photographlc equipment 
C. Qatches, clocks, time pieces 

(Nondurable goods)& 
7. Food, drink, tobacco 
8. Chemical and a1 1 led products 

a. Synthetic f ibers  
b. Paints, varnishes, etc. 
C. Drugs and medicines 
d. Miscellaneous chemicals 

5 8 626 8 440 
3 8 61 7,300 

5458300 
72 1,980 

1,267,280 

372,940 
91 , 140 
61 856U 

547 8 540 
879 , 840 
107,680 
575 , 480 
151,420 

155,860 
83 , 200 
83 , 200 
72,660 

2 ,009,140 
1,207,940 

440,820 
52,480 
43,280 

345,060 
345,060 

8,228,9 10 
58581 ,590 
1 ,660,560 

661,380- 
285,180. 

714,000 
320,040 
216,120 

1 03 , 920 
13,410 

2,054,610 

61,830 

196,740 
115,200 
46,620 
34,920 

2 , 647 , 320 
1,472,550 

654,480 
53,370 
57,090 
57,030 

486 , 990 

Tota 1 
Emp 1 oymen t 

1960 

653,979 
20 1,285 
252,984 
94,908 

104,802 

3,717,678 

11,346,517 
7,736,946 
1,381,578 

620 , 394 
298,141 

443,043c 
1 8 131,267 

3088847 

6,785 
3 ,040,034 

822,420d 

~8480,209 
120,696 
168,766 

1,270,363 
1,819,604 

644,390 
838,935 
250 , 576 

85 s 703 

3578678 
366,2 14 

64,135 
27,329 

3,109,571 
1,692,582 

857 8 786 
56,068 
67,135 

108,171 
626 , 4 1 2 
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Total Employment, by Industry, 1940-60, Cont. 

Total Employ- 
ment 1940 

Tota 1 
Employment 
1950 

9. Petroleum and coal products 202,180 
a. Petroleum refining 178,980 
b. Miscellaneous petroleum and 

coal products 23 , 200 
10. Rubber products 158,200 

Transportation communication and 
other public utilities 3,414,540 

I V .  Transportat ion 2 , 176,460 
2. Railroad express service 1 s 137,000 
3. Streetcars and buses 202,320 
4. Trucking and taxicab 51 1,520 
5. Warehouse and storage 62,060 
6. Water transportation 180,240 
7. Pipelines 17,420 
8. Dnc:dentaI transportation services 43,580 

1 . Ai r transportat ion 22,320 

V. Communications 
1. Postal servlces 
2, Telephone 
3. Telegraph 
4. Radio and televlslon 

VI. UtIlftIes and Sanitary Services 
1. Electrlc light and power 
2. Gas supply 
3. Water supply 
4. Sanitary services 
5. Not specified u t i l i t i e s  

V I  I . Piofssstonal and Related Services 

Excluding Education 

V I I 1 .  Education 
1. Government 
2. Private 

I X .  Public Administration 

Excluding Armed Forces 
1. federa 1 government 
2. State government 
3. Local government 

Subtotal Above Industries 

All Other Industries b 
Total all Industries 
(Excluding anned forces) 

703 # 

309,240 
370,300 
370,300 
23 s 600 

534, 940 
3 29 880 
86,440 
118,620 
118,620 
118,620 

1,749,880 

1,570,120 
No  A. 
N.A. 

1,147,180 
299 9 280 
847,900 
847 8 900 

16,509,900 

28 t 569,960 

45 s 079 s 860 

284,280 
257s 190 

27,090 
236,010 

4s 869 s 460 

2 927 s 0 10 
94,500 

1,381,740 
325 s 200 
765 s 260 
97,350 
203 s 250 
20 , 220 
41,490 

1 s 163,950 
460,510 
594,750 
46,260 
62 , 430 
778 8 500 
448 , 890 
114,720 
73 s 700 

105 , 820 
35 s 370 

2,572,020 

2876,630 
1 ,547,010 
529 s 620 

2,030,160 
1,006,260 
266,760 
757, 140 

24,103,480 

31 ,700,O~ 

55 s 803 s 520 

Tota 1 
Employment 
1960 

281,353 
252s7 14 

28s 639 
277,830 

5,009,412 

2,739,399 
177,410 
944,428 
292 s 843 
922,091 
112,248 
189,244 
20,821 
60,314 

1,372,509 
550 , 863 
692,480 
40 s 077 
89,089 

897 504 
488,844 
145,570 
97,641 
146,981 
18,468 

4,189,265 

3 s 385 3 207 
2 , 529,947 
855,260 

2,643 s 387 
1,266,101 
396,491 
980 s 795 

30,945 s 445 

33,701 s 1 18 

64 646 9 563 
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APPENDIX TABLE I b 

Employment of Chemists and Technical Engineers 
By Industry, 1940-60 

I ndus tr y 
Total Employ- 
ment 1940 

I. Mining, Total 10,080 
1. Coal mining 1,700 
2. Petroleum and natural gas 3,660 
3. Metal mining 3,480 
4. Other, including quarries 1,240 

II. Construction 41,040 

I I I. Manufactur i nga 114,560 

1. Iron and steel industries 18,940 
a. Blast furnaces, steel works 9,500 
b. Other prtmry iron afid 

C. Miscel laneous i ron and 

(Durable goods) 73,400 

steel 9,440 

steel products 9,440 
2. NOn-Ferrous Metal Industries 3,280 

a. Primary non-ferrous products 1,940 
b. Miscel laneous non-ferrous 

produ c t s 1,340 
3. Not specifled metal industries 500 
4. Machinery 33,580 

equ 1 pment 16,980 
b. Agricultural machinery 1,340 
C. Office & store machinery 740 
d. Miscellaneous machinery 14,520 

5. Transportation equipment 14,020 
a. Aircraft 4,900 
b. Hotor vehicles (5 equipment 6,720 
C. >hips and boats 1,740 
d. Railroads & miscel laneous 

transportation equipment 660 

Instruments 3,080 

a. Electrical machinery and 

60 Professional equipment and 

a. Professional equipment 2,620 
b. Photographic equipment 2,620 
c. Watches, clocks, timepieces 460 

(Nondurable goods) a 41,320 
7. Food, drink, tobacco 6 , 400 

Tota 1 
Employment 

1950 

Tota 1 
Employment 
1960 

l38- 
2,610 
7,290 
2,730 
1,230 

77,130 

235,580 
173,060 
33,840 
13,860 

4,050 

15,930 
7,920 
6,450 

1,470 
300 

80 s 870 

38,070 
3,900 
2 730 
36,170 
42,240 
23,820 
13,710 
3,030 

1,680 

7,890 
4,740 
2 9 730 
420 

80,520 
13,020 

16,222 
1,752 
9,565 
3,130 
1,775 

92 473 

488 s 979 

32,893 
15,ogo 

5 , 627 
12,176 c 
52 s 806 
10,626 

42,180 
1 99 

172, 189 

104,844 
4,197 

1 1,749 
5 1,399 

1 1 1,187 
82 447 
2 1,406 
5,907 

1,427 

3948 7O2 

25,428 
20,827 
4,099 
502 

94,277 
13,116 
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Employment of Chemists and Technical Engineers 
By Industry, 1940-60, Cont. 

I ndus t ry 

' Total 
Total Employ- Employment 

1950 ment 1940 

8. Chemical E; allied products 
a. Synthetic fibers 
b. Paints, varnishes, etc. 
C. Drugs and medicines 
d. Miscellaneous chemicals 

9. Petroleum & coal products 
a. Petroleum refining 
b. Miscellaneous petroleum & 

coal products 
10. Rubber products 

740 
3 020 

43,860 
2,220 
3,450 
3 : 570 
34,620 
18,690 
17,790 

900 
4,950 

Transportation, Comnunication & 
Other Public Utilities 43 , 820 68,520 

IV ,  Transportation 
1 . A i  r transportat Ion 
2. Railway express service 
3. Streetcars and buses 
4. Trucking and taxicab 
5. Warehouse and storage 
6. Water transportation 
7. Pipelines 
8. I nc f denta 1 transportation 

8,380 
440 

5,680 
900 
100 
240 
320 
440 
260 

11,910 
1,260 
6,180 
1,320 
540 
840 
480 
990 
300 

V. Communications 12,160 25,020 
1. Postal services 80 150 
2. Telephone 9 , 800 15,600 
3. Telephone 9,800 5 10 
4. Radio and television 2,280 8,760 

V I .  Utilities & Sanitary Service 23 s 280 3 1,590 

2. Gass supply 1,980 2 s 760 
3. Water supply 3,020 3,420 
4. Sanitary services 3,020 1, 170 
5. Not specifled utilltles 3,020 1 ,380 

1. Electric light and power 18,280 22 , 860 

V I I .  Professional & Related Services 

Excluding Education 21,240 38, 190 

V I I I .  Education 
1. Government 
2. Private 

Tota 1 
Employment 
1960 

59 s 306 
2,474 
3 165 
5,815 
47 , 852 
14,932 
14,071 

86 1 
6 923 

76 s 398 

10,742 
1,322 
5 : 557 
906 
644 
505 
462 

1,023 
323 

33 s 132 
240 

25,814 
525 

6,553 

71,367 
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Employment of Chemists and Technical Engineers 
By Industry, 1940-60, Cont. 

I ndus t ry 
Total Employ- 
ment 1940 

IX. Public Administration 

Excluding Armed Forces 
1. federal government 
2. State government 
3. Coca1 government 

28,100 
11,380 
16,720 
16,720 

Subtotal Above Industries 261,020 

All Other Industries 34,980 

Excluding Armed forces 296,000 

Tota 1 Tota 1 

1950 1960 
Emp 1 oymen t Emp 1 oymen t 

54 9 480 74,994 
36,660 54,917 
5,400 4,825 
12,420 15,252 

79,000 1 io, 196 

, 



FOOTNOTES 

NA = not available 

a. Includes industries listed under the heading; excludes manufacturing indus- 
tries included in "All other industries," enumerated in footnote b. 

b. Includes agriculture, forestry, f isheries; the following manufacturing 
lumber and wood products glass products, stone and clay pro- industries: 

ducts, textiles and clothing, paper and printing, leather and leather 
products; and nonmanufacturing industries wholesale and retail trade, 
finance, insurance, and real estate, busirress and repair serviceo entet- 
tainment and recreation, and personal services. 

c. lncludes cutlery and hand tools, and fabricated structural metal products 
(not all of which may be iron and steel). Not fully comparable to 1950. 

d. Miscel laneous fabricated metal products (not a1 1 of  which are nonferrous). 
Not fully comparable to 1950. 

Census of  Population, 1940, The Labor Force, Occupational Characteristics, 
Table 19 (based on a 5% sample). 

Census of  Population, 1950, Special Report P.E. lC, Occupation by industry 
(based on a 3-&% sample). 

Census of Population, 1960, Special Report PC (2)-7C, Occupation by Industry 
(based on a 5% sample). 
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APPENDiX TABLE 11-2 

Distributlon of Engineers in industry By Englneerlng Specialty, 1950 and 1960 
A1 1 Engineers 

Number Total nautical Ical Civil 

Eng f n e w  1 ng Specie t ty 
Aero- Chem. - - -- 

Tota 1 1950 517,650 100.0 3.4 6.0 23.4 
1960 859,547 100.0 5.9 4.8 18.2 

Ai rcreft 1950 23,430 100.0 57.1 0.6 2.0 
I960 81,424 100.0 51.5 1 .3 2.8 

Cheml ca 1 I950 20,640 100.0 0.4 52.2 4.8 
1960 32,520 100.0 0.1 53.0 4.8 

Mach1 nety 1950 41,940 100.0 0.1 1 . 3  2.4 
1960 66,325 100.0 0.2 1.2 1.4 

E lect r 1 ca 1 Mach1 nery 1950 37,140 100.0 0.2 1.8 1.5 
1960 103,222 100.0 0.3 1.7 0.7 

Primary Metals 1950 20,730 100.0 0.7 4.1 9.3 
1960 26,826 100.0 0.1 2.6 5.3 

Fabli F ca ted Mete 1 s 1950 16,680 100.0 0.7 3.2 9.2 
1960 52,648 100.0 6.2 2.3 5.2 

Petroleum 1950 13,980 100.0 0.2 30.9 11.4 
1960 11,680 100.0 0.0 40.5 11.6 

Trans por ta t 1 on (exc I ud I ng 1950 17,790 100.0 0.5 2*7 4.4 
aircraft) 1960 27,953 100.0 0.8 1.1 2.7 

Other Manufacturing lndustrles 1950 42,000 100.0 0.4 13.3 5.5 
1960 69,752 100.0 0.4 8.1 3.4 

Total Manufacturing 

Construct i on 

Mining 

Communi cat i ons 

Trenspor ta t 1 on 

ut1 1 It ies 

Professlonal 8 Related 
Serv I ces 

Other Monmenufecturing 

Educat Ion 

Cove r m n  t 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

234,330 
427,350 

76,680 
91,952 

12,090 
14,482 

16,080 
32,851 

11,460 
10,483 

3 1,018 

@+ , 204 

30 , 270 

3% 0 580 

43 # 530 
64,635 

5,250 
7,127 

49,380 
To B 445 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

6.1 
9.8 

0.2 
0.0 

0.0 
0.3 

0.2 

4.5 
4.4 

0.1 
0.1 

0.6 

--I 

0.5 

0.0 
1.2 

2.9 
3.7 
4.6 
3.3 

10.2 
7.1 
1.0 
0.6 

6.2 
9.1 

0.6 
0.1 

0.5 
1.7 
2.2 
1.4 

4*9 
2.3 

3.6 
3.2 

4.6 
2.6 

2.0 
1 .2 

4. 7 
3.0 

76.5 
83.9 

7.0 

3.7 
3.0 

39.0 
37.0 

18.1 
22.1 

32.5 

11.1 
8.9 

30.9 
19.5 

11.7 

35.3 

43.9 
33.2 
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Dis t r ibu t ion  of Engineers I n  Industry Be EtigtneerIng Spectelty, 1950 end 1960 
(con t i nned) 

Eng! neer i ng Spec1 a 1 t y  

Tote 1 

A i  r c r a f t  

Chemi ca 1 

Machinery 

E lec t r i ca l  Machinery 

Primary Metals 

Fabr i ca ted Mete 1 s 

Petroleum 

1950 
1960 

1950 
1960 

1950 
1960 

1950 

1950 
1960 

1950 
1960 

1950 
1960 

1950 
1960 

1960 

Transportat ion (exc lud i ng I950 
a i  r c r a f t )  1960 

Other Manufacturing 1950 
I ndus tr I es 1960 

Total Manufacturing I950 
1960 

Construction 1950 
1960 

Mining 1950 
1960 

C o m n  I cat i ons 1950 
1960 

transportat Ion 1950 
1960 

U t i  1 i t  ies 1950 
1960 

Professional 6 1950 
Related Services 1 960 

Other Manufacturlng t95Q 
1960 

Educe t I on 

Government 

1950 
1960 

1950 
1960 

E lec- 
t r i ce1  - 
20.3 
21.2 

9@ 5 
14.1 

7.1 
4.7 

8.0 
9.5 

59.9 
57.9 

4.3 
5.5 

5.6 
15.2 

4.7 
2.9 

11.3 

I 

8.0 

8.6 
13.0 

16.0 
21.0 

7.0 
4.0 

7.7 
5.8 

80.4 
87.8 

18.1 
13.8 

53.7 
49.2 

14.9 
12.6 

30.8 
17.1 

23.4 
27.1 

18.0 
15.2 

I adus- 
t t i c a l  

7.7 
11.2 

4. f 
9.0 

9.0 
9. 2 

11.4 

I 

13.9 

a. o 

17.8 

12.0 

24.0 

12.1 
14.4 

4.5 
5.8 

14.5 
19.8 

19.1 
21.4 

1 1.8 
P4.2 

1.1 
1.5 

4.0 
6.3 

2.4 
2.0 

4.5 
10.1 

4.3 
3.7 

4.9 
3.8 

lo.? 
1.5 

2.2 
4.0 

3.8 
16.2 

Mec ha n- 
1 cel 

2b.7 
18.4 

.̂ 

18. 7 
16.7 

17.3 
17.2 

50.0 
46.0 

13.6 
13.3 

19.7 
17.5 

34.9 
34.5 

24.0 
17.4 

45.2 
52.3 

29.0 
19.8 

28.8 
24.6 

10.3 
6.0 

11.2 
7.5 

5.2 
1.7 

23.8 

13.8 
13.0 

17.3 
16.4 

20.6 

23.2 

11.7 

18.2 
18.7 

12.1 
11.2 

Meta I -  
1 u r g  t ca 1 - 

2.4 
2.2 

2.2 
1.4 

0.6 
2.0 

2.8 
2.2 

1 .6 
1.2 

29.7 
32.6 

4.6 

0.4 
0.3 

5.2 
2.4 

0.8 
0.5 

4.6 
3.5 

0.1 
0.1 

2 ~ 7  
2.4 

0.0 
0.0 

2.6 
0.2 

0.1 
0.3 

1 .a 
0.8 

5.6 

1.0 
1.1 

1.7 
2.3 

0.9 
0.5 

M i  n l  ng 

1.4 

0.0 
0.0 

0.4 
0. 2 

0.5 
0.2 

0.0 
0.1 

0.9 
0.4 

0.2 

15.5 
10.4 

0.2 

- 
2.1 

--- 

-..I 

0.2 
0.2 

1.2 
0.1 

0.4 
0.1 

49.6 
55.1 

0.2 
0.0 

2.4 
1 .7 

0.1 
0.3 

1.6 
1.0 

1.2 
1.1 

2.2 
0.3 

1.0 
0.9 

Other 
(net) 

13.9 
16.8 

4.7 
3.1 

8.1 
8.9 

23.5 
25.5 

13.5 
13.1 

13.6 
12.1 

28.6 
18.4 

- 

8.4 
11.0 

16.0 
12.8 

23.1 
31.8 

11.6 
16.0 

3.4 
3.8 

6.9 
7.0 

7.3 
5.4 

7.1 
7.9 

7.6 
9.9 

22.3 
27. 2 

21.2 
39.5 

13.7 
22.0 

13.8 
17.6 

Source: U.Se Department o f  Commerce, Bureau o f  the Census, Census o f  Population, 
1950, Special Report P.E. 1C; Census o f  Population, 1960, Special Report PC (2)-7C, 
Occupation By Industry (based on a 5 percent sample). 
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